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(54) Fuel gas production system for fuel cells 



(57) The technique of the present invention enhanc- 
es the separation efficiency and the production efficien- 
cy of hydrogen in a hydrogen production system for fuel 
cells, while reducing the size of the whole fuel gas pro- 
duction system. In the fuel gas production system of the 
present invention, a hydrocarbon compound is subject- 
ed to multi-step chemical processes including a reform- 
ing reaction, a shift reaction, and a CO oxidation to give 
a hydrogen-rich fuel gas. Gaseous hydrogen produced 
through the reforming reaction is separated by a hydro- 
gen separation membrane having selective permeabil- 



ity to hydrogen. The residual gas after the separation of 
hydrogen has a low hydrogen partial pressure and un- 
dergoes the shift reaction at the accelerated rate. The 
hydrogen-rich processed gas obtained through the shift 
reaction and the CO oxidation joins with the separated 
hydrogen and is supplied to fuel cells. A purge gas for 
carrying out the hydrogen is introduced into a separation 
unit of hydrogen, in order to lower the hydrogen partial 
pressure and thereby enhance the separation efficiency 
of hydrogen. The residual gas after the separation of hy- 
drogen undergoes combustion and is subsequently 
used as the purge gas 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a fuel gas pro- 
duction system that produces hydrogen, which is to be 
fed to fuel cells, from a raw material containing hydrogen 
atoms. More specifically the present invention pertains 
to a fuel gas production system having a hydrogen sep- 
aration mechanism that separates hydrogen in the 
course of production. 

Description of the Related Art 

[00021 Each of the fuel cells has a hydrogen electrode 
and an oxygen electrode disposed across an electrolyte 
layer, which hydrogen ions pass through, and generates 
an electromotive force through the following reactions 
proceeding at the respective electrodes: 

Hydrogen electrode: 

H 2 -> 2H + + 2e" 

Oxygen electrode: 

(1/2)0 2 +2H + + 2e" -> H 2 0 

[0003] A hydrogen-rich fuel gas may be produced by 
reforming a hydrocarbon compound, such as methanol 
or natural gas, in a fuel gas production system. The ma- 
terial is decomposed to the hydrogen-rich fuel gas step- 
wise through plural stages of reactions in the fuel gas 
production system. 

[0004] The first stage reaction is called the reforming 
reaction and is expressed by Equations (1 ) and (2) given 
below in the case of a hydrocarbon material: 

C n H m + nH 2 0 -» nCO + (n+m/2)H 2 (1 ) 

C n H m + n/20 2 -» nCO + m/2H 2 (2) 

[0005] The second stage reaction utilizes steam to ox- 
idize carbon monoxide produced by the reforming reac- 
tion while producing hydrogen. This second stage reac- 
tion is called the shift reaction and is expressed by Equa- 
tion (3) given below: 

CO + H 2 0 -> C0 2 + H 2 (3) 



[0006] In some cases, the CO oxidation is subse- 
quently performed as the third stage reaction. The CO 
oxidation selectively oxidizes carbon monoxide that has 
not been oxidized by the shift reaction but remains. Car- 

5 bon monoxide contained in the fuel gas may poison the 
electrodes and interfere with the stable reactions. The 
shift reaction and the subsequent CO oxidation suffi- 
ciently lower the concentration of carbon monoxide, so 
as to prevent the potential poisoning of the electrodes. 

10 [0007] One application utilizes hydrogen separated 
from the gaseous mixture, which has been produced 
through the chemical reactions, as the gaseous mixture. 
The separation of hydrogen enhances the hydrogen 
partial pressure in the fuel gas and effectively prevents 

is the gaseous mixture from containing any noxious com- 
ponents. 

[0008] Fig. 36 schematically illustrates the structure 
of a prior art fuel cells system including a hydrogen sep- 
aration mechanism. Supplies of a material and water are 

20 respectively fed from a material reservoir 200 and a wa- 
ter reservoir 230 to a reformer unit 21 6 vian evaporator 
212. A reforming reaction proceeds in the reformer unit 
216 to produce a gaseous mixture including carbon 
monoxide. Gaseous hydrogen included in the gaseous 

25 mixture permeates a hydrogen separation membrane 
21 8 to a separation unit 220. For the purpose of efficient 
separation of hydrogen, a gas for carrying out hydrogen 
(hereinafter referred to as the purge gas) is introduced 
into the separation unit 220. The purge gas used here 

30 is steam obtained by evaporating water led from the wa- 
ter reservoir 230 by an evaporator 232. The separated 
hydrogen is supplied to fuel cells 228 after removal of 
the excess water content in a condenser 226. The gas- 
eous mixture after separation of hydrogen (hereinafter 

35 referred to as the residual gas) includes carbon monox- 
ide and remaining hydrogen that has not been separat- 
ed by the hydrogen separation membrane 21 8. The re- 
sidual gas is discharged to the outside after carbon mon- 
oxide and hydrogen included therein are oxidized in a 

40 combustion unit 222. 

[0009] Any of a variety of condensable gases that 
have no adverse effects on the fuel cells may be used 
for the purge gas, in place of steam. A substance that 
has a small heat of vaporization and is liquid at ordinary 

45 temperature is generally suitable for the purge gas. Fig. 
37 is a graph showing the relationship between the heat 
of vaporization and the boiling point. This is cited from 
the Chemical Handbook. According to the above condi- 
tions, paraffin hydrocarbons, dimethyl ether, and acetic 

so acid are suitable for the purge gas. 

[0010] The prior art fuel gas production system, how- 
ever, has several problems discussed below. 
[0011] The prior art technique has an insufficient pro- 
duction efficiency of hydrogen from the material and a 

55 relatively low hydrogen partial pressure in the fuel gas. 
For example, part of the material is not subjected to any 
reaction but is discharged to the outside. In the fuel gas 
production system having the hydrogen separation 
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mechanism, hydrogen remaining in the residual gas is 
often wasted. The low production efficiency of hydrogen 
leads to an increase in consumption of the material. This 
results in raising the operation cost,, increasing the re- 
quired capacity of the material reservoir, and thereby ex- 5 
panding the size of the whole fuel cells system. The low 
hydrogen partial pressure in the fuel gas results in low- 
ering the efficiency of power generation of the fuel cells 
and thereby expanding the size of the whole fuel cells 
system. 

[0012] The prior art fuel gas production system re- 
quires the evaporator and the water reservoir for pro- 
ducing the purge gas. This leads to the size expansion 
and the complicated structure of the fuel gas production 
system. 

[0013] In the prior art fuel gas production system, the 
flow rate of the purge gas is substantially not regulated. 
The flow rate of the purge gas affects the separation ef- 
ficiency of hydrogen and the driving efficiency of the fuel 
cells. Such effects are especially prominent when the 
driving conditions of the fuel cells change. The insuffi- 
cient flow rate of the purge gas may cause an insufficient 
supply or a delayed supply of the fuel gas and a re- 
sponse delay of the hydrogen output. 
[0014] From the viewpoint of the environmental pro- 
tection, the recent requirement is to mount such fuel 
cells on a vehicle. For this purpose, the lowered driving 
efficiency and the size expansion of the whole fuel cells 
system are significant problems. 

SUMMARY OF THE INVENTION 

[0015] The object of the present invention is accord- 
ingly to enhance the production efficiency of hydrogen 
and raise the hydrogen partial pressure in a resulting 
fuel gas in a fuel gas production system, to enable effi- 
cient production of a purge gas, and to appropriately 
regulate the flow rate of the purge gas to improve the 
driving efficiency and the response of fuel cells. 
[001 6] At least one of the above and the other related 
objects is actualized by a first fuel gas production sys- 
tem that produces a hydrogen-rich fuel gas, which is to 
be supplied to fuel cells, from a raw material. The fuel 
gas production system includes: a chemical reaction de- 
vice that produces a gaseous mixture containing hydro- 
gen from the raw material through a plurality of chemical 
processes; a hydrogen separation mechanism that sep- 
arates hydrogen from the gaseous mixture in at least 
one place of the chemical reaction device; and a flow 
path that feeds both the hydrogen separated by the hy- 
drogen separation mechanism and a residual gas after 
the separation of hydrogen from the gaseous mixture to 
the fuel cells, so as to ensure a supply of all hydrogen 
obtained in all the chemical processes in the chemical 
reaction device to the fuel cells. 
[0017] Any of a variety of compounds containing hy- 
drogen atoms, for example, hydrocarbons like gasoline, 
alcohols, ethers, and aldehydes, may be used for the 



raw material. 

[0018] The flow path is arranged to supply both the 
hydrogen separation by the hydrogen separation mech- 
anism and the residual gas to the fuel cells. This ar- 
rangement enables not only the separated hydrogen but 
the remaining hydrogen, which has not been separated 
from the gaseous mixture by the hydrogen separation 
mechanism, to be supplied to the fuel cells. Namely the 
arrangement of the present invention enables most of 
the hydrogen produced through the plurality of chemical 
processes to be supplied to the fuel cells. The separa- 
tion of hydrogen by the hydrogen separation mecha- 
nism enhances the hydrogen partial pressure in the re- 
sulting fuel gas. The separation also accelerates the re- 
action proceeding in the chemical reaction device. In- 
troduction of a purge gas improves the separation effi- 
ciency of hydrogen and enables efficient extraction of 
hydrogen from the chemical reaction device, so as to 
lower the concentration of hydrogen in the chemical re- 
action device. The reaction in the chemical reaction de- 
vice is reversible and the rate of the reaction is affected 
by the concentration of hydrogen. The lowered concen- 
tration of hydrogen in the chemical reaction device ac- 
cordingly enhances the rate of reaction. 
[0019] In accordance with one preferable application 
of the fuel gas production system where the chemical 
reaction device has a plurality of reaction units, the hy- 
drogen separation mechanism may be disposed at a 
specific side other than a last reaction unit . In this ap- 
plication, the flow path is constructed to ensure a supply 
of both the hydrogen separated by the hydrogen sepa- 
ration mechanism and hydrogen produced after the hy- 
drogen separation The chemical process of producing 
hydrogen is the reversible reaction, so that using the re- 
sidual gas having the low hydrogen partial pressure ac- 
celerates the reaction and enhances the production ef- 
ficiency of hydrogen. This arrangement does not waste 
the residual gas after the separation of hydrogen but uti- 
lizes it for subsequent production of hydrogen. This ad- 
vantageously saves the material. 
[0020] In one concrete example where the chemical 
reaction device includes a reformer unit for a reforming 
reaction and a shift unit for a shift reaction , the hydrogen 
separation mechanism is located before the shift unit . 
This arrangement accelerates the reaction in the shift 
unit. 

[0021] The hydrogen separation mechanism may be 
integrated with or separate from any reaction unit of the 
chemical reaction device. The hydrogen separation 
mechanism may be provided at a plurality of sides, for 
example, in the respective reaction units of the chemical 
reaction device. 

[0022] The hydrogen separation mechanism may in- 
clude a hydrogen separation membrane that has selec- 
tive permeability to hydrogen. The hydrogen separation 
membrane is arranged to have opposing two faces, that 
is, a feeding face and an extraction face. The former re- 
ceives a supply of the gaseous mixture and the latter 
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extracts selectively permeating hydrogen from the gas- 
eous mixture. In this case, it is desirable to introduce a 
flow of a purge gas for carrying out the hydrogen to the 
extraction face . 

[0023] The rate of hydrogen permeation through the 
hydrogen separation membrane depends upon the dif- 
ference in hydrogen partial pressure between the feed- 
ing face and the extraction face . The active carriage of 
hydrogen on the flow of the purge gas lowers the hydro- 
gen partial pressure on the extraction face, so as to in- 
crease the difference in hydrogen partial pressure and 
enhance the rate of hydrogen permeation. 
[0024] The flow of the purge gas may be introduced 
under conditions that a hydrogen partial pressure on the 
feeding face is higher than that on the extraction face 
thereof and that a total pressure on the feeding face is 
even or lower than that on the extraction face. 
[0025] Even when there is a pinhole in the hydrogen 
separation membrane, the difference in total pressure 
effectively prevents a carbon monoxide-containing gas 
from leaking from the feeding face to the extraction face. 
This arrangement enables advantageous reduction in 
thickness without any fear of potential troubles caused 
by the presence of pinholes. In the case where steam 
is used for the purge gas, the steam permeating from 
the extraction face to the feeding face due to the differ- 
ence in total pressure undergoes the reforming reaction 
and the shift reaction. The structure using the vaporized 
material hydrocarbon as the purge gas also ensures the 
similar advantages to those of the structure using the 
steam as the purge gas. 

[0026] In order to keep the hydrogen partial pressure 
at a relatively low level on the extraction face and ensure 
the efficient separation of hydrogen, it is desirable to 
regulate the flow rate of the purge gas according to the 
flow rate of the material gas. The regulation of the flow 
rate is attained by electronically controlling the on-off 
state of a valve. In accordance with one preferable em- 
bodiment, a gas flow rate regulation mechanism may be 
provided in the flow path to automatically vary the flow 
rate of the purge gas while holding a predetermined cor- 
relation with the flow rate of the residual gas. There is a 
fixed correlation between the flow rate of the material 
gas and the flow rate of the residual gas. By taking ad- 
vantage of such correlations, the flow rate of the purge 
gas is regulated according to the flow rate of the material 
gas by the simple structure. This arrangement advanta- 
geously reduces the size and the manufacturing cost of 
the whole fuel gas production system. 
[0027] A jet pump may be used for the gas flow rate 
regulation mechanism. The jet pump has two flow-in 
systems and one flow-out system. A negative pressure 
is generated in the jet pump by a flow of a high-pressure 
fluid into one flow-in system, and another fluid is thereby 
sucked into the other flow-in system. The fluids of the 
two systems flow at specific flow rates holding a fixed 
correlation. In the fuel gas production system of the 
present invention, the flow of the hydrogen separated 



by the hydrogen separation mechanism joins with the 
flow of the residual gas and is then supplied to the fuel 
cells. The jet pump may be located at this meeting point. 
The jet pump does not have any mechanical movable 

5 part and accordingly has high, reliability. 

[0028] A second fuel gas production system of the 
present invention has a noxious component reduction 
unit where the residual gas after the separation of hy- 
drogen undergoes a reduction process, which reduces 

w the concentration of a noxious component that is harm- 
ful to the fuel cells. The residual gas after the reduction 
process is used as the purge gas. 
[0029] As discussed in the prior art, a condenser and 
an evaporator are required in the structure using the 

15 steam as the purge gas. The structure using the residual 
gas as the purge gas, on the other hand, enables size 
reduction or even omission of the condenser and the 
evaporator. This advantageously reduces the size of the 
whole fuel gas production system. 

20 [0030] The structure using the residual gas as the 
purge gas enables the hydrogen in the residual gas to 
be supplied to the fuel cells. This arrangement advan- 
tageously ensures the efficient use of hydrogen. 
[0031] The reduction process may be an oxidation or 

25 a catalytic reaction of the residual gas. One typical ex- 
ample of the oxidation is combustion. Typical examples 
of the catalytic reaction include the selective oxidation 
of carbon monoxide and the shift reaction. Such reac- 
tions of the reduction process effectively lower the con- 

30 centration of carbon monoxide. The reduction process 
is, however, not restricted to these examples but may 
be selected appropriately to reduce the concentration of 
the noxious component that adversely affects the fuel 
cells. The reduction process may include a plurality of 

35 reactions. 

[0032] In the fuel gas production system of the 
present invention, in addition to the residual gas, an off 
gas of the fuel cells may be used as the purge gas. This 
arrangement ensures a sufficient flow of the purge gas 

40 even when the residual gas does not have a sufficient 
amount for the purge gas. 

[0033] In the structure that uses the anode off gas dis- 
charged from the anodes as the purge gas, hydrogen in 
the anode off gas, which has not been utilized for power 

45 generation, is supplied again to the fuel cells. This ad- 
vantageously ensures the efficient use of hydrogen. In 
the structure that uses the cathode off gas discharged 
from the cathodes as the purge gas, no content of hy- 
drogen in the cathode off gas advantageously prevents 

50 an increase in hydrogen partial pressure on the extrac- 
tion face and thereby enhances the separation efficien- 
cy of hydrogen. 

[0034] The flow of the off gas may be introduced to 
any side that allows the use of the off gas as the purge 
55 gas, that is, any side on the upper stream side of the 
extraction face . 

[0035] The first side of introducing the flow of the off 
gas is the upper stream side of the chemical reaction 
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device. 

[0036] The second side of introducing the flow of the 
off gas is between the feeding face and the noxious 
component reduction unit. 

[0037] The third side of introducing the flow of the off 
gas is between the noxious component reduction unit 
and the extraction face . 

[0038] In the structure that introduces the flow of the 
off gas to the upper stream side of the chemical reaction 
device (that is, the first side), the components of the off 
gas undergo the chemical reaction proceeding in the 
chemical reaction device. For example, in the case 
where the flow of the cathode off gas is introduced to 
the first side, a trace amount of remaining oxygen in the 
cathode off gas is subjected to the reforming reaction 
(shown by Equation (2) given previously). Oxygen in the 
purge gas is accordingly consumed in the chemical re- 
action device. This effectively prevents hydrogen in the 
resulting fuel gas from being wastefully consumed by 
the reaction of the hydrogen extracted through the hy- 
drogen separation membrane with the trace amount of 
oxygen in the purge gas. The cathode off gas has a low 
hydrogen partial pressure, so that the introduction of the 
flow of the cathode off gas advantageously enhances 
the rate of the reaction proceeding in the chemical re- 
action device. In the case where the flow of the anode 
off gas is introduced to the first side, on the other hand, 
water produced through the reaction in the fuel cells is 
subjected to the reforming reaction (shown by Equation 
(1) given previously). 

[0039] The structure that introduces the flow of the off 
gas to the position between the feeding face and the 
noxious component reduction unit (that is, the second 
side) has the following advantages. In the case where 
the flow of the cathode off gas is introduced to the sec- 
ond side, remaining oxygen in the cathode off gas is 
subjected to the oxidation of the reduction process. Like 
the introduction to the first side, the introduction of the 
cathode off gas to the second side also has the advan- 
tages regarding the consumption of oxygen and the hy- 
drogen partial pressure. In the case where the flow of 
the anode off gas is introduced to the second side, on 
the other hand, hydrogen in the anode off gas is oxidized 
to steam and the anode off gas having the lowered hy- 
drogen partial pressure is led into the extraction face . 
This arrangement effectively enhances the separation 
efficiency of hydrogen. 

[0040] The structure that i ntroduces the flow of the off 
gas to the position between the noxious component re- 
duction unit and the extraction face (that is, the third 
side) has the following advantages. In the case where 
the flow of the cathode off gas is introduced to the third 
side, the gas having the low hydrogen partial pressure 
is used as the purge gas. This arrangement effectively 
enhances the separation efficiency of hydrogen. In the 
case where the flow of the anode off gas is introduced 
to the third side, on the other hand, the remaining hy- 
drogen in the anode off gas is reused in the fuel cells. 



Another advantage of this structure using either the flow 
of the cathode off gas or the flow of the anode off gas is 
that the temperature of the purge gas is sufficiently close 
to the driving temperature of the fuel cells. The reaction 

5 proceeds at extremely high temperatures in the chemi- 
cal reaction device. The temperature of the fuel gas 
should thus be lowered by a heat exchange unit, prior 
to the supply to the fuel cells. The introduction of the off 
gas to the third side enables extraction of the hydrogen 

w with the purge gas having the temperature sufficiently 
close to the driving temperature of the fuel ceils and 
thereby makes the temperature of the supply of the fuel 
gas sufficiently close to the driving temperature of the 
fuel cells. This arrangement advantageously enables 

15 size reduction or even omission of the heat exchange 
unit. 

[0041] A third fuel gas production system of the 
present invention utilizes the flow of the cathode off gas 
as the purge gas. 

20 [0042] The cathode off gas has the hydrogen partial 
pressure substantially equal to zero and is thus suitable 
for the purge gas. The enhanced utilization efficiency of 
oxygen on the cathodes reduces the quantity of oxygen 
included in the cathode off gas to a trace level and thus 

25 substantially prevents the reaction of oxygen with the 
extracted hydrogen. Another advantage of this arrange- 
ment is that the temperature of the purge gas is suffi- 
ciently close to the driving temperature of the fuel cells. 
[0043] A fourth fuel gas production system of the 

30 present invention has a circulation mechanism that cir- 
culates the flow of the anode off gas to the extraction 
face as the purge gas. This arrangement enables the 
remaining hydrogen in the anode off gas to be reused 
in the fuel cells. 

35 [0044] In accordance with another preferable applica- 
tion of the present invention, the purge gas for carrying 
out the hydrogen may be a processed gas after a reduc- 
tion process that reduces the concentration of at least 
one of hydrogen and a specific component, which has 

40 high reactivity to hydrogen, included in the gas prior to 
supply to the fuel cells. The reduction process of hydro- 
gen includes consumption of hydrogen in the fuel cells 
and combustion of hydrogen. The specific component 
having high reactivity to hydrogen may be carbon mon- 

45 oxide and oxygen. The reduction process of oxygen in- 
cludes consumption of oxygen through oxidation or 
combustion. 

[0045] It is desirable to regulate the flow rate of the 
purge gas in any of the second through the fourth fuel 

50 gas production systems. In accordance with one prefer- 
able application, the relationship between the a load on 
the fuel cells and the flow rate of the purge gas is stored 
in advance, and the flow rate of the purge gas is regu- 
lated according to the observed a load on the fuel cells. 

55 The relationship between the a load on the fuel cells and 
the flow rate of the purge gas may be stored in any suit- 
able form, for example, in the form of a table or in the 
form of a function. 
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[0046] The flow rate of the purge gas affects the sep- 
aration efficiency of hydrogen and thereby the driving 
efficiency of the fuel cells. Regulation of the flow rate of 
the purge gas according to the a load on the fuel cells 
thus enhances the driving efficiency of the fuel cells. The 
relationship between the a load on the fuel cells and the 
flow rate of the purge gas is set experimentally or ana- 
lytically by taking into account the driving efficiency of 
the fuel cells. The following two points should especially 
be considered for the setting: the required quantity of 
hydrogen according to the a load on the fuel cells and 
the energy loss due to an increase in flow rate of the 
purge gas. When the fuel cells are in a high loading 
state, it is desirable to increase the flow rate of the purge 
gas and enhance the separation efficiency of hydrogen, 
in order to allow a supply of a large quantity of hydrogen. 
The increase in flow rate of the purge gas, on the other 
hand, results in increasing the power required for the 
introduction of the purge gas and thus enhancing the 
energy loss. Consideration of these two affecting factors 
according to the a load on the fuel cells ensures the ap- 
propriate setting of the flow rate of the purge gas to attain 
the optimum energy efficiency. The arrangement of reg- 
ulating the flow rate of the purge gas is applicable to the 
structure that uses only the anode off gas as the flow of 
the purge gas. 

[0047] In the case where the a load on the fuel cells 
increases by a rate of change of not less than a prede- 
termined level, it is preferable to significantly increase 
the flow rate of the purge gas than the usual setting, that 
is, to correct a preset value, in the process of regulating 
the flow rate of the purge gas. Here the usual setting 
means a preset flow rate according to the a load on the 
fuel cells. The correction of the flow rate may be set in 
a variety of forms, for example, by a function of the rate 
of change or as a preset value. 
[0048] The increased flow rate of the purge gas en- 
hances the flow velocity of the whole fuel gas and there- 
by improves the dispersibility of the fuel gas in the fuel 
cells. The improved dispersibility results in enhancing 
the utilization rate of hydrogen in the fuel cells. The in- 
creased flow rate of the purge gas also improves the 
separation efficiency of hydrogen. This leads to an in- 
crease in quantity of hydrogen present in the flow path 
of carrying the fuel gas from the lower stream side of the 
hydrogen separation mechanism to the fuel cells. When 
there is any response delay in the course of producing 
hydrogen in the chemical reaction device or in the 
course of separating hydrogen by the hydrogen sepa- 
ration mechanism, the hydrogen present in the flow path 
works to compensate for the response delay. Because 
of such functions, in the case of an abrupt increase in a 
load on the fuel cells, the regulation of the flow rate of 
the purge gas according to the rate of change in loading 
state ensures output of the required electric power with 
the high response. 

[0049] The arrangement of regulating the flow rate of 
the purge gas according to the rate of change in a load 



on the fuel cells may be applied to the structure that 
flows the purge gas at a fixed flow rate in the standard 
conditions. The regulation of the flow rate by considering 
the rate of change in loading state is also applicable to 

5 a variety of structures. For example, in the case of an 
abrupt decrease in a load on the fuel cells, the regulation 
may lower the flow rate significantly. 
[0050] One modified structure has an additional gas 
flow source, in addition to the flow of the purge gas main- 

10 |y used. In the case of an insufficient flow rate of the 
purge gas, this additional gas flow source is activated. 
[0051] This arrangement facilitates the maintenance 
of the required flow rate of the purge gas according to 
the a load on the fuel cells. A gas source that does not 

15 require any special reservoir, for example, the air, may 
be used for the additional gas flow source. 
[0052] The fuel gas production system of the above 
configuration may feed a supply of the fuel gas to the 
fuel cells directly, but more preferably via gas-liquid sep- 

20 aration mechanism that separates steam from the fuel 
gas. The anodes of the fuel cells are generally mois- 
tened to accelerate the shift of the hydrogen ion. When 
the excess steam is present, however, there is a possi- 
bility that the inside of the electrodes sweats to lower 

25 the efficiency of power generation. The arrangement of 
supplying the fuel gas to the fuel cells after the separa- 
tion of steam effectively prevents such potential trou- 
bles. 

[0053] In the fuel gas production system discussed 

30 above, when an oxygen-containing gas, for example, 
the air, gaseous oxygen, or the cathode off gas, is used 
as the flow of the purge gas, it is desirable to increase 
the quantity of the oxygen-containing gas when the fuel 
cells have not yet been warmed up. This arrangement 

35 accelerates the warm-up of the fuel cells by utilizing the 
heat of the reaction of oxygen in the oxygen-containing 
gas with hydrogen in the fuel gas. In the structure of cir- 
culating the anode off gas, the circulation may be inter- 
rupted during the warm-up operation of the fuel cells. 

40 When the oxygen-containing gas is used as the flow of 
the purge gas, substantially no hydrogen remains in the 
anode off gas. The circulation of the anode off gas ac- 
cordingly does not lead to the effective use of hydrogen. 
This arrangement is actualized by a mechanism of 

45 switching over the flow path of the anode off gas be- 
tween the circulation to the hydrogen separation mech- 
anism and the discharge to the outside. 
[0054] The principle of the present invention is at- 
tained by a variety of applications other than the fuel gas 

50 production system discussed above. One possible ap- 
plication is a fuel cells system including the fuel gas pro- 
duction system discussed above. Other possible appli- 
cations include a method of producing a fuel gas for fuel 
cells and a method of separating hydrogen from a gas- 

55 eous mixture as one step in the fuel gas producing meth- 
od. As mentioned above, the fuel cells may be warmed 
up by regulating the quantity of the air mixed with the 
purge gas. From this point of view, the present invention 
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may be directed to a method of warming up fuel cells by 

utilizing the flow of the fuel gas. 

[0055] These and other objects, features, aspects, 

and advantages of the present invention will become 

more apparent from the following detailed description of 5 

the preferred embodiments with the accompanying 

drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w 

[0056] 

Fig. 1 schematically illustrates the structure of a fuel 
cells system in a first embodiment of the present 
invention; 15 
Fig. 2 is a sectional view illustrating a hydrogen sep- 
aration membrane used in the fuel cells system of 
Fig. 1; 

Fig. 3 schematically illustrates a hydrogen separa- 
tion mechanism in the first embodiment; 20 
Fig. 4 is a table showing some examples of appli- 
cable arrangements for the fuel gas production sys- 
tem; 

Fig. 5 schematically illustrates the structure of a fuel 
cells system including a fuel gas production system 25 
of the second structure in the table of Fig. 4; 
Fig. 6 schematically illustrates the structure of a fuel 
cells system including a fuel gas production system 
of the third structure in the table of Fig. 4; 
Fig. 7 schematically illustrates the structure of a fuel 3a 
cells system including a fuel gas production system 
of the fourth structure in the table of Fig. 4; 
Fig. 8 schematically illustrates the structure of a fuel 
cells system including a fuel gas production system 
of the fifth structure in the table of Fig. 4; 35 
Fig. 9 schematically illustrates the structure of a fuel 
cells system including a fuel gas production system 
of the seventh structure in the table of Fig. 4; 
Fig. 10 schematically illustrates the structure of a 
fuel cells system including a fuel gas production *o 
system of the eighth structure in the table of Fig. 4; 
Fig. 11 schematically illustrates the structure of a 
fuel cells system including a fuel gas production 
system of the ninth structure in the table of Fig. 4; 
Fig. 12 schematically illustrates the structure of a 45 
fuel cells system in a second embodiment of the 
. present invention; 

Fig. 13 schematically illustrates the structure of an- 
otherfuel cells system as a modified example of the 
second embodiment; so 
Fig. 14 schematically illustrates the structure of a 
fuel cells system in a third embodiment of the 
present invention; 

Fig. 15 schematically illustrates the structure of a 
fuel cells system in a fourth embodiment of the 55 
present invention; 

Fig. 16 schematically illustrates the structure of an- 
other fuel cells system as a first modified example 



of the fourth embodiment; 

Fig. 1 7 schematically illustrates the structure of still 
another fuel cells system as a second modified ex- 
ample of the fourth embodiment; 
Fig. 18 schematically illustrates the structure of a 
fuel cells system in a fifth embodiment of the 
present invention; 

Fig. 1 9 schematically illustrates the structure of an- 
other fuel cells system as a modified example of the 
fifth embodiment; 

Fig. 20 schematically illustrates the structure of a 
fuel cells system in a sixth embodiment of the 
present invention; 

Fig. 21 schematically illustrates the structure of an- 
other fuel cells system as a first modified example 
of the sixth embodiment; 

Fig. 22 schematically illustrates the structure of still 
another fuel cells system as a second modified ex- 
ample of the sixth embodiment; 
Fig. 23 schematically illustrates the structure of a 
fuel cells system in a seventh embodiment of the 
present invention; 

Fig. 24 schematically illustrates the structure of an- 
other fuel cells system as a first modified example 
of the seventh embodiment; 
Fig. 25 schematically illustrates the structure of still 
another fuel cells system as a second modified ex- 
ample of the seventh embodiment; 
Fig. 26 schematically illustrates the structure of a 
fuel cells system in an eighth embodiment of the 
present invention; 

Fig. 27 schematically illustrates the structure of an- 
other fuel cells system as a first modified example 
of the eighth embodiment; 
Fig. 28 schematically illustrates the structure of still 
another fuel cells system as a second modified ex- 
ample of the eighth embodiment; 
Fig. 29 schematically illustrates the structure of an- 
other fuel cells system as a third modified example 
of the eighth embodiment; 
Fig. 30 schematically illustrates the structure of still 
another fuel cells system as a fourth modified ex- 
ample of the eighth embodiment; 
Fig. 31 schematically illustrates the structure of a 
fuel cells system in a ninth embodiment of the 
present invention; 

Fig. 32 is a flowchart showing a flow rate regulation 
routine executed in the ninth embodiment; 
Figs. 33A and 33B show maps used to specify a 
target flow rate; 

Fig. 34 shows a method of setting the target flow 
rate; 

Fig. 35 shows a process of flow rate regulation car- 
ried out in the ninth embodiment; 
Fig. 36 schematically illustrates the structure of a 
prior art fuel cells system; and 
Fig. 37 is a graph showing the relationship between 
the heat of vaporization and the boiling point. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A. First Embodiment 

[0057] Fig. 1 schematically illustrates the structure of 
a fuel cells system in a first embodiment of the present 
invention. The fuel cells system includes a fuel gas pro- 
duction system that decomposes a material stored in a 
material reservoir 10 to produce a hydrogen-rich fuel 
gas, and fuel cell 28 that generate an electromotive 
force through electrochemical reactions of hydrogen in- 
clude in the produced fuel gas with oxygen in the air. 
[0058] The fuel cells 28 are polymer electrolyte fuel 
cells that are relatively small in size and have an excel- 
lent power generation efficiency. Any of a variety of other 
fuel cells, for example, phosphate fuel cells or molten 
carbonate fuel cells, may alternatively be applied for the 
fuel cells 28. The fuel cells 28 are obtained by laying a 
number of unit cells one upon another, where each unit 
cell includes an electrolyte membrane, a cathode, an 
anode, and a separator. The electrolyte membrane is a 
proton-conductive ion exchange membrane composed 
of a solid polymer material like a fiuororesin. The cath- 
ode and the anode are both made of carbon cloth, which 
is manufactured by weaving carbon fibers. The separa- 
tor is composed of a gas-impermeable electrically con- 
ductive material, for example, gas-impermeable dense 
carbon obtained by compacting carbon powder. Flow 
conduits of a fuel gas and an oxidizing gas are formed 
between the cathode and the anode. The compressed 
air is used for the oxidizing gas, while the fuel gas is 
produced from the material stored in the material reser- 
voir 10 in the fuel gas production system as discussed 
below. 

[0059] The following describes the schematic struc- 
ture of the fuel gas production system that functions to 
produce the fuel gas from a raw material. The material 
may be an alcohol or a hydrocarbon compound. In the 
fuel gas production system, the material is first led into 
an evaporator 12 to be vaporized. The vaporized mate- 
rial or the material gas is fed to a chemical reaction de- 
vice to undergo a chemical process. In this embodiment, 
the chemical reaction device includes three reaction 
units, that is, a reformer unit 16 in which the reforming 
reaction discussed previously proceeds, a shift unit 22 
in which the shift reaction proceeds, and a CO oxidation 
unit 24 in which an oxidation proceeds to oxidize the re- 
maining carbon monoxide. The flow of the material gas 
goes through the reformer unit 1 6, the shift unit 22, and 
the CO oxidation unit 24 in this sequence. 
[0060] The reformer unit 1 6 is filled with a catalyst that 
is selected according to the material gas to accelerate 
the reforming reaction. When natural gas is applied for 
the material gas, a rare metal rhodium may be used for 
the catalyst of the reforming reaction. When methanol 
is applied for the material, CuO-ZnO and Cu-ZnO are 
effective catalysts. The shift unit 22 and the CO oxida- 



tion unit 24 are also filled with suitable catalysts that ac- 
celerate the respective reactions. Heat is required to ac- 
celerate the reaction proceeding in the reformer unit 16. 
In the structure of this embodiment, a combustion unit 
5 1 4 is disposed adjacent to the reformer unit 1 6, in order 
to supply the heat generated in the combustion unit 14 
for the reforming reaction. The fuel subjected to com- 
bustion in the combustion unit 14 is an anode off gas 
discharged from the fuel cells 28, that is, the fuel gas 
10 that has passed through the hydrogen electrode and in- 
cludes remaining hydrogen not utilized for the reaction 
of power generation. The anode off gas is also led into 
the evaporator 12 and another evaporator 32. 
[0061] The fuel gas production system has a mecha- 
'5 nism for separating hydrogen from the gaseous mixture. 
This mechanism is integrated with the reformer unit 16 
and includes a hydrogen separation membrane 18 that 
is interposed between the reformer unit 16 and a sepa- 
ration unit 20. The hydrogen separation membrane 18 
is composed of a metal having selective permeability to 
hydrogen, such as palladium. The simple body of metal 
palladium may be applied for the hydrogen separation 
membrane 1 8. In this embodiment, however, the hydro- 
gen separation membrane 18 is formed by making fine 
particles of palladium carried in pores of a ceramic po- 
rous support body. The following describes the structure 
of the hydrogen separation membrane 18 of this embod- 
iment in detail. 

[0062] Fig. 2 is a sectional view illustrating the hydro- 
gen separation membrane 1 8. The hydrogen separation 
membrane 18 of this embodiment is a porous support 
body that has a thickness of 0.1 mm to 5 mm and con- 
tains a hydrogen separating metal carried therein. As 
illustrated in Fig. 2, ceramic fine particles 181 are locat- 
ed at intervals of several hundred angstrom to form 
pores of the porous support body in the hydrogen sep- 
aration membrane 1 8. Palladium fine particles 1 82 func- 
tioning as the hydrogen separating metal are carried in 
these pores. For convenience of illustration, the palladi- 
um fine particles 182 are sparsely dispersed in Fig. 2. 
In the actual state, however, the palladium fine particles 
1 82 are densely present to block the pores of the porous 
support body, although it is not necessary to block all 
the pores. The required density of the palladium fine par- 
ticles 1 82 is such a level as to make the gaseous mixture 
containing hydrogen naturally pass through any pores 
that are defined by the intervals between the adjoining 
ceramic fine particles 1 81 and are blocked with the pal- 
ladium fine particles 182. A variety of substances having 
the selective permeability to hydrogen may be applied 
for the metal carried in the porous support body: for ex- 
ample, alloys of palladium and silver and alloys of lan- 
thanum and nickel. Available examples of the ceramic 
fine particles include alumina, stWcon nitride, and silica. 
The hydrogen separation membrane 18 may be manu- 
factured by an impregnation process that causes the po- 
rous support body formed in advance to be impregnated 
with a solvent having the palladium fine particles 182 
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dissolved therein and calcines the impregnated porous 
support body or by a process that calcines a polymer 
mixture including the ceramic fine particles to form the 
porous support body and the palladium fine particles. 
[0063] The hydrogen produced by the reforming re- 
action in the reformer unit 16 permeates the hydrogen 
separation membrane 18 to the separation unit 20, due 
to the difference in hydrogen partial pressure between 
the reformer unit 16 and the separation unit 20. The re- 
sidual gas other than hydrogen does not permeate the 
hydrogen separation membrane 1 8 but is led to the shift 
unit 22. In the arrangement of this embodiment, a flow 
of steam is introduced as the purge gas into the sepa- 
ration unit 20 to assist extraction of hydrogen. A water 
reservoir 30 for storing water is provided as part of the 
fuel gas production system as shown in Fig. 1 . A supply 
of water fed from the water reservoir 30 is vaporized to 
steam by the evaporator 32 and led to the separation 
unit 20. The water stored in the water reservoir 30 is also 
supplied to the evaporator 12 to be utilized for the re- 
forming reaction. 

[0064] Fig. 3 schematically illustrates the hydrogen 
separation mechanism. The hydrogen separation mem- 
brane 18 shown by hatching is interposed between the 
upper reformer unit 1 6 and the lower separation unit 20. 
A flow of the material gas is fed into the reformer unit 1 6 
as shown by the arrow and undergoes the reforming re- 
action proceeding inside the reformer unit 16. The hy- 
drogen produced in the course of the reforming reaction 
successively passes through the hydrogen separation 
membrane 18 to the separation unit 20. The reformed 
gas discharged downstream is led into the shift unit 22, 
which is located after the reformer unit 16, and under- 
goes the shift reaction. 

[0065] The flow of steam is pressurized and intro- 
duced as the purge gas under the condition that the total 
pressure in the separation unit 20 is higher than the total 
pressure in the reformer unit 1 6. Since steam is used as 
the purge gas, however, the hydrogen partial pressure 
in the separation unit 20 is lower than the hydrogen par- 
tial pressure in the reformer unit 16. Even if there is a 
pinhole in the hydrogen separation membrane 18, this 
arrangement effectively prevents carbon monoxide 
generated in the reformer unit 16 from leaking into the 
separation unit 20. In the presence of the pinhole, this 
arrangement also advantageously causes the steam to 
flow from the separation unit 20 to the reformer unit 16 
and undergo the reforming reaction and the shift reac- 
tion. 

[0066] As shown in Fig. 3, the direction of the flow of 
the material gas is reverse to the direction of the flow of 
the purge gas in this embodiment. The permeability of 
the hydrogen separation membrane 18 to hydrogen 
generally depends upon the difference in hydrogen par- 
tial pressure between the feeding face of the reformed 
gas, that is, the face of the hydrogen separation mem- 
brane 18 adjoining to the reformer unit 16, and the ex- 
traction face of hydrogen, that is : the face adjoining to 



the separation unit 20. The lower reach of the material 
gas in the reformer unit 1 6 undergoes the higher degree 
of the reforming reaction and thereby has the higher hy- 
drogen partial pressure, whereas the upper reach of the 

5 purge gas has the lower hydrogen partial pressure in 
the separation unit 20. The opposide flows of the mate- 
rial gas and the purge gas make the lower reach of the 
material gasflowing through the reformer unit 1 6 located 
near to the upper reach of the purge gas flowing through 

10 the separation unit 20 and accordingly ensure a signifi- 
cantly large difference in hydrogen partial pressure at 
this side. This enables hydrogen to be separated at a 
high efficiency. The arrangement of the hydrogen sep- 
aration mechanism discussed above is only illustrative. 

15 A variety of other settings may be applied for the direc- 
tions of the flows of the purge gas and the material gas. 
In one possible modification, the mechanism may not 
use the purge gas. 

[0067] Referring back to Fig. 1 , the description con- 
20 tinues on the schematic structure of the fuel gas produc- 
tion system. A condenser 26 in the system functions to 
take the remaining steam out of the hydrogen, which has 
been transmitted from the reformer unit 16 to the sepa- 
ration unit 20, in the form of condensate (water). After 
25 the condensation, the hydrogen is supplied as the fuel 
gas to the fuel cells 28. The residual gas in the reformer 
unit 16 after the separation of hydrogen is led into the 
shift unit 22. The reactions expressed by Equations (1) 
and (2) given previously proceed in the reformer unit 1 6. 
30 The gas led into the shift unit 22 thus includes carbon 
monoxide and steam as primary components, as well 
as small quantities of the material gas and hydrogen. 
The reaction expressed by Equation (3) mainly pro- 
ceeds in the shift unit 22 to produce hydrogen from car- 
35 bon monoxide and water The reforming reaction of the 
material gas also proceeds partly in the shift unit 22. The 
gas produced in the shift unit 22 is all led into the CO 
oxidation unit 24. The reaction proceeding in the CO ox- 
idation unit 24 oxidizes the remaining carbon monoxide, 
40 which has not yet been oxidized in the shift unit 22, to 
carbon dioxide. This process gives a hydrogen-rich gas 
having a sufficiently reduced concentration of carbon 
monoxide, which is a noxious substance harmful to the 
electrodes in the fuel cells 28. The flow of this hydrogen- 
45 rich gas joins with the flow of hydrogen previously sep- 
arated and transmitted to the separation unit 20, passes 
through the condenser 26 for removal of the remaining 
steam, and is eventually supplied to the fuel cells 28. 
[0068] The fuel cells system of the above configura- 
50 tion separates and transmits the hydrogen produced in 
the reformer unit 1 6 to the separation unit 20, while feed- 
ing the residual gas having a reduced hydrogen partial 
pressure to the shift unit 22 for the shift reaction. The 
rate of the shift reaction expressed by Equation (3) de- 
55 pends upon the concentrations of the chemical sub- 
stance before and after the reaction, for example, the 
hydrogen partial pressure. In the case of the low hydro- 
gen partial pressure, the reaction is accelerated. The ar- 
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rangement of the fuel cells system of the embodiment 
ensures the highly efficient chemical reactions to pro- 
duce hydrogen from the material and thereby improves 
the production efficiency of the fuel gas. The arrange- 
ment of the embodiment utilizes the hydrogen obtained 
through the shift reaction and the CO oxidation as well 
as the hydrogen produced in the reformer unit 16 and 
subsequently extracted, thus being free from the waste 
of hydrogen. The efficient production of hydrogen en- 
hances the hydrogen partial pressure in the fuel gas and 
accelerates the power generation by the fuel cells 28. 
The hydrogen separation mechanism integrated with 
the reformer unit 16 advantageously accelerates the re- 
forming reaction proceeding in the reformer unit 16 and 
further enhances the production efficiency of the fuel 
gas. 

A1 . Modifications of First Embodiment 

[0069] The fuel cells system of the embodiment, es- 
pecially the fuel gas production system for producing the 
fuel gas, has the characteristics discussed below: 

(a) The fuel gas is produced through a plurality of 
chemical processes including those proceeding in 
the reformer unit 16 and the shift unit 22; 

(b) The flow path is designed to allow hydrogen in 
the fuel gas produced through the plurality of chem- 
ical processes not to be discharged to the outside 
nor directly introduced into the evaporators 12 and 
32 or the combustion unit 14 but to be supplied to 
the fuel cells 28; and 

(c) The fuel gas production system has the hydro- 
gen separation mechanism. 

These characteristics of the embodiment en- 
hance the hydrogen partial pressure and improve 
the production efficiency of the fuel gas. 

The embodiment also has the additional char- 
acteristic: 

(d) The hydrogen separation mechanism is dis- 
posed on the upper stream side of the chemical 
processes. The flow of the material gas is once di- 
vided into separate flows of hydrogen and residual 
gas, and the flow of hydrogen-rich gas resulting 
from the residual gas joins again with the flow of 
hydrogen and is supplied to the fuel cells 28. 

[0070] This arrangement accelerates the reaction of 
each chemical process and ensures the further im- 
provement in production efficiency of the fuel gas. 
[0071] A variety of different arrangements other than 
that of the above embodiment may be applied for the 
fuel gas production system. Fig. 4 is a table showing 
some examples of applicable arrangements for the fuel 
gas production system. Here ten examples with num- 
bers 1 to 10 are shown. In the first through the sixth 
structures, the chemical reaction device includes three 
reaction units, that is, the reformer unit, the shift unit, 



and the CO oxidation unit arranged in this sequence 
along the flow of the gas. In the seventh through the 
tenth structures, the chemical reaction device includes 
two reaction units, that is, the reformer unit and the shift 

5 unit arranged in this sequence along the flow of the gas. 
The classification depends upon the position and the 
type of the hydrogen separation mechanism. The first 
structure includes the hydrogen separation mechanism 
integrated with the reformer unit. This corresponds to 

10 the structure of the embodiment shown in Fig. 1 . 

[0072] The second structure has a hydrogen separa- 
tion mechanism integrated with the shift unit. Fig. 5 
schematically illustrates the structure of a fuel cells sys- 
tem including a fuel gas production system of the sec- 

15 ond structure. The constituents of the second structure 
shown by the same numerals as those in the first em- 
bodiment are identical with the constituents of the first 
embodiment and are not specifically described here. 
The difference from the first embodiment shown in Fig. 

20 1 is the configuration of a reformer unit 1 6A, a shift unit 
22A, a hydrogen separation membrane 1 8A, and a sep- 
aration unit 20A. In the structure of the above embodi- 
ment, the hydrogen separation membrane 18 and the 
separation unit 20 are integrated with the reformer unit 

25 1 6. In the second structure, on the other hand, the hy- 
drogen separation mechanism is not integrated with the 
reformer unit 16A. The reformer unit 16A is filled with 
the catalyst for accelerating the reforming reaction in the 
same manner as discussed in the first embodiment. 

30 Since the reformer unit 1 6A does not have the hydrogen 
separation mechanism, the reformed gas that is pro- 
duced in the reformer unit 16A and contains carbon 
monoxide and hydrogen as primary components is all 
led into the shift unit 22A. 

35 [0073] In the second structure, the hydrogen separa- 
tion membrane 1 8A and the separation unit 20A as the 
hydrogen separation mechanism are integrated with the 
shift unit 22A. The configuration of the hydrogen sepa- 
ration mechanism integrated with the shift unit 22A is 

40 substantially similar to that of the hydrogen separation 
mechanism integrated with the reformer unit 16 and 
shown in Fig. 3. Like the above embodiment, the flow of 
steam as the purge gas is introduced into the separation 
unit 20A. The hydrogen produced through the shift re- 

45 action proceeding in the shift unit 22A and the hydrogen 
included in the reformed gas produced by the reforming 
reaction in the reformer unit 1 6A permeate the hydrogen 
separation membrane 18A to the separation unit 20A, 
based on the same principles as discussed in the em- 

50 bodiment. The residual gas after the separation of hy- 
drogen in the shift unit 22A is led into the CO oxidation 
unit 24 to undergo the oxidation of carbon monoxide. 
The resulting gas output from the CO oxidation unit 24 
joins with the hydrogen previously separated and output 

55 from the separation unit 20A, and is supplied to the fuel 
cells 28 via the condenser 26. The second structure sat- 
isfies all the characteristics (a) through (d) discussed 
above and accordingly ensures the efficient production 
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of the fuel gas having the high hydrogen partial pressure 
like the above embodiment. 

[0074] The third structure has a hydrogen separation 
mechanism integrated with the CO oxidation unit. Fig. 
6 schematically illustrates the structure of a fuel cells 
system including a fuel gas production system of the 
third structure. The constituents of the third structure 
shown by the same numerals as those in the first em- 
bodiment and the second structure are identical with the 
constituents of the first embodiment and the second 
structure and are not specifically described here. The 
third structure includes the reformer unit 1 6A of the sec- 
ond structure and the shift unit 22 of the first embodi- 
ment, neither of which is integrated with the hydrogen 
separation mechanism. The resulting gas produced 
through the chemical processes in the reformer unit 1 6A 
and the shift unit 22 is all led into a CO oxidation unit 
24A. In the third structure, the hydrogen separation 
mechanism is integrated with the CO oxidation unit 24A. 
The configuration of the hydrogen separation mecha- 
nism integrated with the CO oxidation unit 24A is sub- 
stantially similar to that of the hydrogen separation 
mechanism integrated with the reformer unit 16 and 
shown in Fig, 3. The hydrogen produced through the 
chemical processes in the reformer unit 16A and the 
shift unit 22 permeates a hydrogen separation mem- 
brane 1 8B to a separation unit 20B, based on the same 
principles as discussed in the above embodiment, and 
is supplied to the fuel cells 28 via the condenser 26. The 
residual gas after the separation of the hydrogen is dis- 
charged to the outside. The third structure satisfies the 
characteristics (a) through (c) discussed above. This en- 
sures the efficient production of the fuel gas through the 
multi-step chemical reactions and enhances the hydro- 
gen partial pressure of the resulting fuel gas by means 
of the hydrogen separation mechanism. 
[0075] The fourth structure has an independent hy- 
drogen separation mechanism interposed between the 
reformer unit and the shift unit. Fig. 7 schematically il- 
lustrates the structure of a fuel cells system including a 
fuel gas production system of the fourth structure. The 
constituents of the fourth structure shown by the same 
numerals as those in the first embodiment and the 
above structures are identical with the constituents of 
the first embodiment and the above structures and are 
not specifically described here. The fourth structure in- 
cludes the reformer unit 1 6A of the second structure and 
the shift unit 22 and the CO oxidation unit 24 of the first 
embodiment, none of which is integrated with the hydro- 
gen separation mechanism. In the fourth structure, an 
independent hydrogen separation mechanism is dis- 
posed between the reformer unit 1 6A and the shift unit 
22. The configuration of the independent hydrogen sep- 
aration mechanism is substantially similar to that of the 
hydrogen separation mechanism integrated with the re- 
former unit 16 and shown in Fig. 3. The reformed gas 
produced through the reforming reaction proceeding in 
the reformer unit 16A is fed to a reformed gas supply 



unit 17 of the hydrogen separation mechanism. No re- 
action proceeds in the reformed gas supply unit 1 7. The 
flow of the reformed gas passes through the reformed 
gas supply unit 17 at the rate and the pressure suitable 

5 for separation of hydrogen. The hydrogen included in 
the reformed gas fed to the reformed gas supply unit 1 7 
permeates a hydrogen separation membrane 18C to a 
separation unit 20C, based on the same principles as 
discussed in the above embodiment, and is supplied to 

w the fuel cells 28 via the condenser 26. The residual gas 
after the separation of hydrogen undergoes the chemi- 
cal reactions proceeding in the shift unit 22 and the CO 
oxidation unit 24 in the same manner as the embodi- 
ment, joins with the flow of the hydrogen output from the 

15 separation unit 20C, and is supplied to the fuel cells 28 
via the condenser 26. The fourth structure satisfies all 
the characteristics (a) through (d) discussed above and 
accordingly ensures the efficient production of the fuel 
gas having the high hydrogen partial pressure like the 

20 above embodiment. 

[0076] The fifth structure has an independent hydro- 
gen separation mechanism interposed between the shift 
unit and the CO oxidation unit. Fig. 8 schematically il- 
lustrates the structure of a fuel cells system including a 

25 fuel gas production system of the fifth structure. The 
constituents of the fifth structure shown by the same nu- 
merals as those in the first embodiment and the above 
structures are identical with the constituents of the first 
embodiment and the above structures and are not spe- 

30 cifically described here. The fifth structure includes the 
reformer unit 1 6A of the second structure and the shift 
unit 22 and the CO oxidation unit 24 of the first embod- 
iment, none of which is integrated with the hydrogen 
separation mechanism. In the fifth structure, an inde- 

35 pendent hydrogen separation mechanism is disposed 
between the shift unit 22 and the CO oxidation unit 24. 
The configuration of the independent hydrogen separa- 
tion mechanism is substantially similar to that of the 
fourth structure. The resulting gas produced through the 

40 chemical processes proceeding in the reformer unit 1 6A 
and the shift unit 22 is fed to a gas supply unit 17A of 
the hydrogen separation mechanism. The hydrogen in- 
cluded in the gas fed to the gas supply unit 1 7A perme- 
ates a hydrogen separation membrane 18D to a sepa- 

45 ration unit 20D, based on the same principles as dis- 
cussed in the above embodiment, and is supplied to the 
fuel cells 28 via the condenser 26. The residual gas after 
the separation of hydrogen undergoes the chemical re- 
action proceeding in the CO oxidation unit 24, joins with 

50 the flow of the hydrogen output from the separation unit 
20D, and is supplied to the fuel cells 28 via the condens- 
er 26. The fifth structure satisfies all the characteristics 
(a) through (d) discussed above and accordingly en- 
sures the efficient production of the fuel gas having the 
55 high hydrogen partial pressure like the above embodi- 
ment. 

[0077] The sixth structure has an independent hydro- 
gen separation mechanism disposed after the CO oxi- 
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dation unit. This structure is readily actualized by shifting 
the position of the hydrogen separation mechanism in 
the fifth structure to the lower stream side of the CO ox- 
idation unit and is thus not specifically illustrated. In this 
structure, the hydrogen included in the resulting gas, 
which is produced through the chemical processes pro- 
ceeding in the reformer unit, the shift unit, and the CO 
oxidation unit, is separated by the hydrogen separation 
mechanism and supplied to the fuel cells via the con- 
denser. Namely the flow path is formed in a serial man- 
ner. The sixth structure satisfies the characteristics (a) 
through (c) discussed above. This ensures the efficient 
production of the fuel gas through the multi-step chem- 
ical reactions and enhances the hydrogen partial pres- 
sure of the resulting fuel gas by means of the hydrogen 
separation mechanism. 

[0078] The seventh structure is without the CO oxida- 
tion unit and has a hydrogen separation mechanism in- 
tegrated with the reformer unit. The eighth structure is 
without the CO oxidation unit and has a hydrogen sep- 
aration mechanism integrated with the shift unit. The 
ninth structure is without the CO oxidation unit and has 
an independent hydrogen separation mechanism inter- 
posed between the reformer unit and the shift unit. Fig. 
9 schematically illustrates the structure of a fuel cells 
system including a fuel gas production system of the 
seventh structure. Fig. 10 schematically illustrates the 
structure of a fuel cells system including a fuel gas pro- 
duction system of the eighth structure. Fig. 1 1 schemat- 
ically illustrates the structure of a fuel cells system in- 
cluding a fuel gas production system of the ninth struc- 
ture. 

[0079J The constituents of these seventh to ninth 
structures shown by the same numerals as those in the 
first embodiment and the above structures are identical 
with the constituents of the first embodiment and the 
above structures and are not specifically described 
here. The seventh through the ninth structures are re- 
spectively similar to the first embodiment (see Fig. 1), 
the second structure (see Fig. 5), and the fourth struc- 
ture (see Fig. 7), except that the CO oxidation unit is 
omitted from the lower stream side of the shift unit. The 
CO oxidation unit may be omitted as long as the con- 
centration of carbon monoxide is sufficiently reduced in 
the shift unit 22 to a level that is not harmful to the elec- 
trodes in the fuel cells 28. The seventh through the ninth 
structures satisfy all the characteristics (a) through (d) 
discussed above and accordingly ensure the efficient 
production of the fuel gas having the high hydrogen par- 
tial pressure like the above embodiment. 
[0080] The tenth structure is without the CO oxidation 
unit and has an independent hydrogen separation 
mechanism disposed after the shift unit. This structure 
is readily actualized by shifting the position of the hydro- 
gen separation mechanism in the ninth structure to the 
lower stream side of the shift unit and is thus not specif- 
ically illustrated. In this structure, the hydrogen included 
in the resulting gas, which is produced through the 



chemical processes proceeding in the reformer unit and 
the shift unit, is separated by the hydrogen separation 
mechanism and supplied to the fuel cells via the con- 
denser. Namely the flow path is formed in a serial man- 

5 ner. The tenth structure satisfies the characteristics (a) 
through (c) discussed above. This ensures the efficient 
production of the fuel gas through the multi-step chem- 
ical reactions and enhances the hydrogen partial pres- 
sure of the resulting fuel gas by means of the hydrogen 

10 separation mechanism. 

[0081] The technique of the present invention is ap- 
plicable to a variety of configurations other than those 
discussed above as the modified examples. In one pos- 
sible modification, the separation of hydrogen may be 

f 5 earned out at a plurality of different positions. For exam- 
ple, in the case where the chemical reaction device in- 
cludes the reformer unit and the shift unit, the separation 
of hydrogen may be performed at both the reformer unit 
and the shift unit. In the case of the integral hydrogen 

20 separation mechanism, this modified arrangement is 
actualized by the combination of the first structure with 
the second structure or by the combination of the sev- 
enth structure with the eighth structure. In the case of 
the independent hydrogen separation mechanism, this 

25 modified arrangement is actualized by the combination 
of the fourth structure with the fifth structure or by the 
combination of the ninth structure with the tenth struc- 
ture. Any other combinations may also be applicable for 
the fuel gas production system. All the above embodi- 

30 ment and its modified examples have two or three reac- 
tion units as the chemical reaction device, but the chem- 
ical reaction device of the fuel gas production system 
may include a greater number of reaction units. 

35 B. Second Embodiment 

[0082] Fig. 12 schematically illustrates the structure 
of a fuel cells system in a second embodiment of the 
present invention. The fuel cells system of the second 

40 embodiment has a similar structure to that of the fuel 
cells system of the first embodiment shown in Fig. 1 . 
The primary difference from the first embodiment is a jet 
pump 40 that is provided at the meeting point of the 
purge gas, which contains hydrogen permeating to the 

45 separation unit 20, and the resulting gas, which is pro- 
duced through the predetermined chemical reactions 
proceeding in the chemical reaction device (that is, the 
reformer unit 1 6, the shift unit 22, and the CO oxidation 
unit 24). 

so [0083] The jet pump 40 is driven to reduce the internal 
pressure by means of a high-pressure fluid jetted from 
the nozzle and thereby suck other fluids. The fluids of 
two systems flown into the jet pump 40 flow at a fixed 
ratio of flow rates and are discharged from one system. 

55 in the fuel cells system of the second embodiment, the 
flow rate of the material gas is regulated according to 
the electric power required for the fuel cells 28. The jet 
pump 40 is designed to flow a predetermined quantity 
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of the purge gas, which contains hydrogen permeating 
to the separation unit 20, according to the flow rate of 
the residual gas (that is, the remaining gas after sepa- 
ration of hydrogen from the gas produced through the 
chemical reactions in the chemical reaction device). 
[0084] For the efficient transmission of hydrogen from 
the reformer unit 1 6 to the separation unit 20 via the hy- 
drogen separation membrane 18, it is required to keep 
the hydrogen partial pressure at low level in the sepa- 
ration unit 20. In the case where a large quantity of the 
material gas is fed to the reformer unit 16 in order to 
supply a large quantity of hydrogen to the fuel cells 28, 
for example, the regulation is required to flow a large 
quantity of the purge gas. Namely both the flow rates of 
the material gas and the purge gas should be regulated. 
The structure of the second embodiment uses the jet 
pump 40 and accordingly does not require separate flow 
regulation means for the material gas and the purge gas. 
This arrangement advantageously reduces the size and 
the manufacturing cost of the whole fuel cells system. 
Another advantage is that the jet pump 40 does not have 
any mechanically movable part and accordingly has a 
high reliability. 

B1 . Modification of Second Embodiment 

[0085] The second embodiment discussed above re- 
gards the application of the jet pump 40 to the fuel cells 
system shown in Fig. 1 . The jet pump 40 may also be 
applicable to the fuel cells systems of the second 
through the tenth structures described above as the 
modified examples. 

[0086] There are other possible modifications of the 
second embodiment. Fig. 13 schematically illustrates 
the structure of another fuel cells system as a modified 
example of the second embodiment. In this modified ex- 
ample, the anode off gas discharged from the anodes 
of the fuel cells 28 is introduced into the separation unit 
20 as the purge gas. The anode off gas contains the 
residual hydrogen that has not been utilized for the re- 
actions in the fuel cells 28. The arrangement of this mod- 
ified example utilizes the anode off gas containing the 
residual hydrogen as the purge gas while enabling the 
residual hydrogen to be input again into the fuel cells 
28, thereby ensuring the efficient use of hydrogen. 

C. Third Embodiment 

[0087] Fig. 14 schematically illustrates the structure 
of a fuel cells system in a third embodiment of the 
present invention. The fuel cells system includes a fuel 
gas production system that decomposes a material 
stored in the material reservoir 10 to produce a hydro- 
gen-rich fuel gas, and the fuel cell 28 that generate an 
electromotive force through electrochemical reactions 
of hydrogen include in the produced fuel gas with oxy- 
gen in the air. 

[0088] Hydrogen produced through the reforming re- 



action in the reformer unit 16 permeates the hydrogen 
separation membrane 18 to the separation unit 20, due 
to the difference in hydrogen partial pressure between 
the reformer unit 1 6 and the separation unit 20. Any gas 

5 other than hydrogen does not permeate the hydrogen 
separation membrane 1 8 but is fed to a combustion unit 
23. In the structure of the third embodiment, the gas 
passing through the combustion unit 23 is introduced 
into the separation unit 20 as the purge gas to assist 

10 extraction of hydrogen. Namely part of the material gas 
passes through the reformer unit 1 6, the hydrogen sep- 
aration membrane 1 8, and the separation unit 20 in this 
sequence, while the residual gas passes through the re- 
former unit 16, the combustion unit 23, and the separa- 

15 tion unit 20 in this sequence. 

[0089] The purge gas is introduced into the separation 
unit 20 under the condition that the total pressure in the 
separation unit 20 is higher than or equal to the total 
pressure in the reformer unit 16. Since the purge gas 

20 used here is the residual gas after separation of hydro- 
gen, the hydrogen partial pressure in the separation unit 
20 is lower than the hydrogen partial pressure in the re- 
former unit 1 6. Even if there is a pinhole in the hydrogen 
separation membrane 18, the total pressure difference 

25 effectively prevents carbon monoxide generated in the 
reformer unit 16 from leaking into the separation unit 20. 
In the presence of the pinhole, the total pressure differ- 
ence also advantageously causes the steam to flow 
from the separation unit 20 to the reformer unit 16 and 

30 undergo the reforming reaction. 

[0090] Forthe high efficiency of hydrogen separation, 
on the contrary, it is desirable that the total pressure in 
the reformer unit 16 is higher than the total pressure in 
the separation unit 20. This pressure condition may be 

35 adopted when there is little possibility of the presence 
of any pinhole. All the embodiments discussed below 
apply the above pressure condition for the hydrogen 
separation mechanism, unless otherwise specified. 
[0091 ] The remaining steam is taken out of the hydro- 

40 gen, which has been transmitted from the reformer unit 
16 to the separation unit 20, in the form of condensate 
(water) by the condenser 26. After the condensation, the 
hydrogen is supplied as the fuel gas to the fuel cells 28. 
The arrangement of supplying the fuel gas to the fuel 

45 cells 28 after the removal of steam effectively prevents 
the electrodes in the fuel cells 28 from sweating and 
thereby ensures the stable power generation by the fuel 
cells 28. The residual gas after the separation of hydro- 
gen is led from the reformer unit 1 6 into the combustion 

so unit 23. As shown in Equations (1) and (2) given previ- 
ously, the reforming reaction gives carbon monoxide as 
well as hydrogen. The residual gas accordingly has a 
high content of carbon monoxide. This residual gas is 
subjected to combustion in the combustion unit 23 : so 

55 that carbon monoxide is oxidized to carbon dioxide and 
the remaining hydrogen in the residual gas is oxidized 
to steam. The heat resulting from the combustion is uti- 
lized to heat the material. In the arrangement of this em- 
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bodiment, the residual gas after the separation of hydro- 
gen undergoes combustion, while most of the hydrogen 
produced by the chemical reaction is not oxidized but is 
utilized as the fuel gas. The resulting gas after the com- 
bustion has a sufficiently reduced concentration of car- 
bon monoxide, which is a noxious substance harmful to 
the electrodes in the fuel cells 28, and contains nitrogen, 
steam, carbon dioxide, and a trace amount of oxygen. 
The flow of the resulting gas is introduced into the sep- 
aration unit 20 as the purge gas, joins with the flow of 
the extracted hydrogen, and is supplied to the fuel cells 
28 via the condenser 26 as discussed previously. 
[0092] The arrangement of the fuel cells system of the 
third embodiment transmits the hydrogen produced in 
the reformer unit 16 to the separation unit 20 for sepa- 
ration, so as to accelerate the reforming reaction in the 
reformer unit 16. The purge gas is introduced into the 
separation unit 20 to carry out the extracted hydrogen 
and thereby keep the hydrogen partial pressure at low 
level in the separation unit 20. This ensures the efficient 
separation of hydrogen. 

[0093] The arrangement of utilizing the residual gas 
as the purge gas does not require any special mecha- 
nism for producing the purge gas, for example, an evap- 
orator. Compared with the structure that utilizes a con- 
densable gas on the premise of the recycle of the purge 
gas, this structure enables size reduction or even omis- 
sion of the condenser, thus advantageously reducing 
the size of the whole fuel cells system. 
[0094] The arrangement of this embodiment oxidizes 
carbon monoxide included in the residual gas in the 
combustion unit before utilizing the residual gas as the 
purge gas. This effectively reduces the potential harm 
of carbon monoxide to the electrodes in the fuel cells 
28. The relatively small-sized combustion unit 23 is suf- 
ficient for oxidation, so that the whole fuel cells system 
is made favorably compact. 

D. Fourth Embodiment 

[0095] Fig. 15 schematically illustrates the structure 
of a fuel cells system in a fourth embodiment of the 
present invention. The third embodiment regards the ar- 
rangement of utilizing the residual gas, which is not 
transmitted to the separation unit 20 but remains after 
separation of hydrogen from the reformed gas produced 
in the reformer unit 1 6, as the purge gas. The fourth em- 
bodiment utilizes a cathode off gas discharged from the 
cathodes in the fuel cells 28 in addition to the residual 
gas as the purge gas. 

[0096] The difference from the third embodiment is 
that the fuel cells system of the fourth embodiment has 
a flow path for leading the flow of the cathode off gas 
discharged from the fuel cells 28 to the upper stream 
side of the reformer unit 1 6. oxygen in the air is utilized 
for power generation at the cathodes in the fuel cells 28, 
so that the cathode off gas includes nitrogen as the pri- 
mary component and contains a trace amount of oxy- 



gen. 

[0097] The cathode off gas is flown into the reformer 
unit 16, passes through the combustion unit 23, and is 
introduced into the separation unit 20 as the purge gas. 

5 The arrangement of additionally utilizing the cathode off 
gas as the purge gas increases the flow of the purge 
gas and thereby more efficiently lowers the hydrogen 
partial pressure in the separation unit 20, compared with 
the structure of utilizing only the residual gas as the 

10 purge gas. Another advantage of this arrangement is 
that oxygen included in the cathode off gas is subjected 
to the reforming reaction proceeding in the reformer unit 
16. The cathode off gas undergoes combustion in the 
combustion unit 23 for consumption of oxygen, before 

15 being utilized as the purge gas. This arrangement effec- 
tively prevents the extracted hydrogen from reacting 
with oxygen contained in the cathode off gas in the sep- 
aration unit 20. 

20 D1 , Modifications of Fourth Embodiment 

[0098] The fourth embodiment regards the structure 
of leading the flow of the cathode off gas to the upper 
stream side of the reformer unit 1 6. The flow side of the 

25 cathode off gas is, however, not restricted to this ar- 
rangement. Fig. 16 schematically illustrates the struc- 
ture of another fuel cells system as a first modified ex- 
ample of the fourth embodiment. In the first modified ex- 
ample, the flow of the cathode off gas is led to an inter- 
so mediate position between the reformer unit 1 6 and the 
combustion unit 23. This arrangement has the same ad- 
vantages as those of the fourth embodiment, except that 
oxygen in the cathode off gas is not subjected to the 
reforming reaction. 

35 [0099] Fig. 17 schematically illustrates the structure 
of still another fuel cells system as a second modified 
example of the fourth embodiment. In the second mod- 
ified example, the flow of the cathode off gas is led to 
an intermediate position between the combustion unit 

40 23 and the separation unit 20. This arrangement has the 
same advantages as those of the fourth embodiment, 
except that oxygen in the cathode off gas is not subject- 
ed to the reforming reaction. Another advantage of the 
second modified example is that the temperature of the 

45 purge gas is sufficiently close to the driving temperature 
of the fuel cells 28. The reforming reaction proceeds at 
extremely high temperatures in the reformer unit 1 6. The 
temperature of the fuel gas containing the extracted hy- 
drogen should thus be lowered by a heat exchange unit, 

so prior to the supply to the fuel cells 28. The temperature 
of the cathode off gas is naturally very close to the driv- 
ing temperature of the fuel cells 28. The arrangement of 
the second modified example utilizes the cathode off 
gas for extraction of hydrogen and thereby makes the 

55 temperature of the flow of the fuel gas sufficiently close 
to the driving temperature of the fuel cells 28. This ar- 
rangement advantageously enables size reduction or 
even omission of the heat exchange unit. 
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[01 00] The fourth embodiment and its modified exam- 
ples utilize the cathode off gas as the purge gas. In an- 
other possible modification, the anode off gas may be 
utilized as the purge gas. The structure of the fuel cells 
system utilizing the anode off gas is readily actualized 
by replacing the flow path of the cathode off gas with the 
flow path of the anode off gas and is thus not specifically 
illustrated here. 

[0101] Like the fourth embodiment, the arrangement 
of utilizing the anode off gas favorably increases the flow 
of the purge gas. The anode off gas includes steam pro- 
duced through the electrochemical reactions proceed- 
ing in the fuel cells. The structure of leading the flow of 
the anode off gas to the upper stream side of the reform- 
er unit 16 as in the structure of Fig. 15 advantageously 
enables the steam to be utilized for the reforming reac- 
tion. Theanode off gas contains the remaining hydrogen 
that has not been used for the reactions in the fuel cells 
28. The arrangement of using the anode off gas as the 
purge gas inputs the remaining hydrogen again into the 
fuel cells 28, thus ensuring the efficient use of hydrogen. 

E. Fifth Embodiment 

[0102] Fig. 18 schematically illustrates the structure 
of a fuel cells system in a fifth embodiment of the present 
invention. The fuel cells system of the fifth embodiment 
has a similar structure to that of the third embodiment 
shown in Fig. 14, except that the combustion unit 23 in 
the third embodiment is replaced by the shift unit 22 and 
the CO oxidation unit 24. 

[0103] The shift reaction expressed by Equation (3) 
given previously proceeds in the shift unit 22. The shift 
unit 22 receives a supply of steam and has a catalyst 
suitable for the shift reaction carried in the flow path of 
the residual gas output from the reformer unit 16. The 
CO oxidation unit 24 oxidizes carbon monoxide, which 
still remains after the shift reaction in the shift unit 22, 
by the catalytic reaction. The gas discharged from the 
CO oxidation unit 24 is introduced into the separation 
unit 20 as the purge gas. In the structure of the fifth em- 
bodiment, for the effective separation of hydrogen, the 
purge gas should be led into the separation unit 20 un- 
der the condition that the total pressure in the reformer 
unit 1 6 is higher than the total pressure in the separation 
unit 20. 

[0104] The fuel cells system of the fifth embodiment 
does not require any special mechanism for producing 
the purge gas. The use of the residual gas for the purge 
gas ensures the efficient use of hydrogen. 
[0105] The structure of the fifth embodiment has the 
shift unit 22 and the CO oxidation unit 24 in which the 
catalytic reactions proceed to reduce the concentration 
of carbon monoxide contained in the residual gas. This 
may cause size expansion of the whole fuel cells sys- 
tem, compared with the structure of the third embodi- 
ment having the combustion unit 23. The arrangement 
of the fifth embodiment, however, has the following ad- 



vantages. The residual gas undergoes the shift reaction 
and accordingly yields hydrogen. This enhances the 
production efficiency of hydrogen. The residual gas sub- 
jected to the shift reaction has a low hydrogen partial 
5 pressure. This ensures the enhanced rate of reaction. 
The arrangement of the fifth embodiment thus signifi- 
cantly improves the production efficiency of hydrogen 
from the material. 

[0106] Fig. 19 schematically illustrates the structure 

w of another fuel cells system as a modified example of 
the fifth embodiment. The difference from the fifth em- 
bodiment is that the separation unit 20A is integrated 
not with the reformer unit 1 6A but with the shift unit 22A 
in this modified example. The functions of the hydrogen 

is separation membrane 1 8A and the separation unit 20A 
are identical with those of the hydrogen separation 
membrane 1 8 and the separation unit 20 integrated with 
the reformer unit 16. In the case where gasoline is used 
for the material of the reforming reaction, the structure 

20 of integrating the hydrogen separation mechanism with 
the shift unit like this modified example is preferable. In 
the case where natural gas is used for the material of 
the reforming reaction, on the other hand, the structure 
of integrating the hydrogen separation mechanism with 

25 the reformer unit like the fifth embodiment is preferable. 
It is not necessary that the hydrogen separation mech- 
anism is integrated with either the reformer unit or the 
shift unit. An independent hydrogen separation mecha- 
nism may be provided between the reformer unit and 

30 the shift unit, in place of the hydrogen separation mech- 
anism integrated with the reformer unit. In a similar man- 
ner, an independent hydrogen separation mechanism 
may be provided between the shift unit and the CO ox- 
idation unit, in place of the hydrogen separation mech- 

35 anism integrated with the shift unit. 

F. Sixth Embodiment 

[0107] The fifth embodiment regards the structure uti- 

40 ijzing the residual gas discharged from the reformer unit 
16 as the purge gas. In one possible modification, the 
off gas discharged from the fuel cells 28 may also be 
utilized as the purge gas. Fig. 20 schematically illus- 
trates the structure of a fuel cells system in a sixth em- 

45 bodiment of the present invention. The fuel cells system 
of the sixth embodiment utilizes the cathode off gas dis- 
charged from the fuel cells 28 as the purge gas, in ad- 
dition to the structure of the fifth embodiment. The flow 
of the cathode off gas is led to the upper stream side of 

50 the reformer unit 1 6. 

[0108] The fuel cells system of the sixth embodiment 
has a similar structure to that of the fourth embodiment 
shown in Fig. 15, except that the combustion unit 23 is 
replaced by the shift unit 22 and the CO oxidation unit 

55 24. The arrangement of the sixth embodiment accord- 
ingly has the advantages of the fourth embodiment as 
well as the advantages of the fifth embodiment. 
[0109] There are some possible modifications of the 
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fourth embodiment according to the flow side of the 
cathode off gas; that is, the first modified example (see 
Fig. 1 6) and the second modified example (see Fig. 1 7). 
The sixth embodiment has similar modifications. For ex- 
ample, the flow of the cathode off gas may be led to an 
intermediate position between the reformer unit 16 and 
the shift unit 22. This modification corresponding to the 
first modified example of the fourth embodiment (see 
Fig. 16) and accordingly has similar advantages. 
[0110] Fig. 21 schematically illustrates the structure 
of another fuel cells system as a first modified example 
of the sixth embodiment. In the first modified example, 
the flow of the cathode off gas is led to an intermediate 
position between the shift unit 22 and the CO oxidation 
unit 24. This first modified example utilizes the proc- 
essed cathode off gas for the purge gas like the first 
modified example of the fourth embodiment and accord- 
ingly has similar advantages. 

[0111] Fig. 22 schematically illustrates the structure 
of still another fuel cells system as a second modified 
example of the sixth embodiment. In the second modi- 
fied example, the flow of the cathode off gas is led to an 
intermediate position between the CO oxidation unit 24 
and the separation unit 20. This second modified exam- 
ple corresponds to the second modified example of the 
fourth embodiment (see Fig. 17) and accordingly has 
similar advantages. 

[01 1 2] The sixth embodiment and its modified exam- 
ples regard the arrangement utilizing the cathode off gas 
for the purge gas. As discussed in the fourth embodi- 
ment and its modified examples, another possible mod- 
ification of the sixth embodiment utilizes the anode off 
gas for the purge gas. The use of the anode off gas in 
any of the sixth embodiment and its modified examples 
ensures the similar effects as those discussed previous- 
ly. In the case where gasoline is used for the material of 
the reforming reaction in the sixth embodiment, it is de- 
sirable to provide a hydrogen separation mechanism in- 
tegrated with the shift unit 22 or to provide an independ- 
ent hydrogen separation mechanism interposed be- 
tween the shift unit 22 and the CO oxidation unit 24. 

G. Seventh Embodiment 

[0113] Fig. 23 schematically illustrates the structure 
of a fuel cells system in a seventh embodiment of the 
present invention. The structure of the seventh embod- 
iment does not utilize the residual gas for the purge gas 
but uses only the cathode off gas as the purge gas. 
[0114] The respective constituents of the fuel cells 
system of the seventh embodiment are identical with 
those of the third embodiment and are thus not specifi- 
cally described here. In the structure of the seventh em- 
bodiment, the gas output from the combustion unit 23 is 
not fed into the separation unit 20 but is discharged to 
the outside. The flow of the cathode off gas is introduced 
into the separation unit 20 as the purge gas. 
[0115] The primary advantages of the seventh em- 



bodiment include that no special mechanism is required 
for producing the purge gas, that the whole fuel cells 
system is made relatively compact, and that the use of 
the purge gas enhances the efficiency of hydrogen sep- 
5 a ration. 

[0116] The arrangement of the seventh embodiment 
has additional advantages. The cathode off gas having 
the low hydrogen partial pressure is suitable for the 
purge gas and enhances the efficiency of hydrogen ex- 

10 traction in the separation unit 20. The cathode off gas 
contains only a trace amount of oxygen, so that the re- 
action hardly arises with the separated hydrogen in the 
separation unit 20. The cathode off gas can thus be uti- 
lized as the purge gas without any additional oxidation 

15 process. Still another advantage is that the temperature 
of the purge gas is sufficiently close to the driving tem- 
perature of the fuel cells 28. 

[0117] In the fuel cells system of the seventh embod- 
iment, the flow of the off gas discharged from the fuel 

20 cells 28 may further be led to the upper stream side of 
either the reformer unit 16 or the combustion unit 23. 
Fig. 24 schematically illustrates the structure of another 
fuel cells system as a first modified example of the sev- 
enth embodiment. In the first modified example, the flow 

25 of the anode off gas is led to the upper stream side of 
the reformer unit 16. This arrangement enables the 
component of the anode off gas, for example, steam, to 
be subjected to the reforming reaction. This arrange- 
ment also enables the remaining hydrogen included in 

30 the anode off gas to be separated through the hydrogen 
separation membrane 18 and input again into the fuel 
cells 28 for power generation. 

[0118] Fig. 25 schematically illustrates the structure 
of still another fuel cells system as a second modified 
35 example of the seventh embodiment. In the second 
modified example, the flow of the anode off gas is led to 
the upper stream side of the combustion unit 23. This 
arrangement enables the remaining hydrogen included 
in the anode off gas to be discharged to the outside after 
40 the oxidation in the combustion unit 23. 

[0119] The first modified example and the second 
modified example regard the structures of leading the 
flow of the anode off gas to the upper stream side of the 
reformer unit 16 and tothe upper stream side of thecom- 
as bustion unit 23. Another possible modification leads the 
flow of the cathode off gas to the separation unit 20 as 
well as either to the upper stream side of the reformer 
unit 16 or to the upper stream side of the combustion 
unit 23. 

50 

H. Eighth Embodiment 

[0120] Fig. 26 schematically illustrates the structure 
of a fuel cells system in an eighth embodiment of the 
55 present invention. The fuel cells system of the eighth 
embodiment has a similar structure to that of the sev- 
enth embodiment including the flow of the cathode off 
gas introduced into the separation unit 20. The differ- 
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ence from the seventh embodiment is that the combus- 
tion unit 23 of the seventh embodiment is replaced by 
the shift unit 22 and the CO oxidation unit 24 and that 
the flow of the resulting processed gas passing through 
the shift unit 22 and the CO oxidation unit 24 is supplied 
together with the flow of the hydrogen output from the 
separation unit 20 to the fuel cells 28. 
[01 21 ] The structure of the eighth embodiment uti lizes 
the cathode off gas as the purge gas and accordingly 
has similar advantages to those of the seventh embod- 
iment. The shift unit 22 and the CO oxidation unit 24 of 
the eighth embodiment provided in place of the combus- 
tion unit 23 exert the following advantages. The residual 
gas output from the reformer unit 1 6 undergoes the shift 
reaction proceeding in the shift unit 22, so as to give 
additional hydrogen. The residual gas is subjected to the 
shift reaction after separation of hydrogen produced in 
the reformer unit 1 6 and accordingly has a low hydrogen 
partial pressure. This ensures the extremely high rate 
of reaction. The hydrogen produced by the shift reaction 
is joined with the flow of the hydrogen output from the 
separation unit 20. This arrangement thus enhances the 
production efficiency of hydrogen from the material. 
[0122] The eighth embodiment has some possible 
modifications where the off gas discharged from the fuel 
cells 28 is flown to a variety of sides. Fig. 27 schemati- 
cally illustrates the structure of another fuel cells system 
as a first modified example of the eighth embodiment. 
In the first modified example, the flow of the anode off 
gas is led to the upper stream side of the reformer unit 
16. This arrangement advantageously makes the com- 
ponent of the anode off gas subjected to the reforming 
reaction and enables the remaining hydrogen included 
in the anode off gas to be input again into the fuel cells 
28 for power generation. 

[0123] Fig. 28 schematically illustrates the structure 
of still another fuel cells system as a second modified 
example of the eighth embodiment. In the third modified 
example, the flow of the anode off gas is led to an inter- 
mediate position between the reformer unit 16 and the 
shift unit 22. This arrangement advantageously makes 
the component of the anode off gas, for example, steam, 
subjected to the shift reaction. The resulting gas after 
the shift reaction is supplied to the fuel cells 28. This 
arrangement thus enables the remaining hydrogen in- 
cluded in the anode off gas to be input again into the 
fuel cells 28 for power generation. 
[0124] Fig. 29 schematically illustrates the structure 
of another fuel cells system as a third modified example 
of the eighth embodiment. In the third modified example, 
the flow of the anode off gas is led to an intermediate 
position between the shift unit 22 and the CO oxidation 
unit 24. Fig. 30 schematically illustrates the structure of 
still another fuel cells system as a fourth modified ex- 
ample of the eighth embodiment. In the fourth modified 
example, the flow of the anode off gas is led to the lower 
stream side of the CO oxidation unit 24. Substantially 
no components of the anode off gas are effectively uti- 



lized in the reaction of CO oxidation. The third and the 
fourth modified examples do not make the effective use 
of the components of the anode off gas for any reac- 
tions, but advantageously enable the anode off gas to 

5 be input again to the fuel cells 28 without interfering with 
the reactions proceeding in the reformer unit 1 6 and the 
shift unit 22. The anode off gas includes the remaining 
hydrogen . The flow of the anode off gas into the reformer 
unit 16 and the shift unit 22 lower the rates of the re- 

w forming reaction and the shift reaction. In the structures 
of the third modified example and the fourth modified 
example, the flow of the anode off gas does not pass 
through the reformer unit 16 or the shift unit 22, so that 
the remaining hydrogen does not interfere with the 

is progress of the reforming reaction and the shift reaction. 
[0125] The first through the fourth modified examples 
regard the structures of leading the flow of the anode off 
gas to the various sides. Another possible modification 
leads the flow of the cathode off gas to the separation 

20 unit 20 as well as any one of the various sides discussed 
above, In the structure of the eighth embodiment, in the 
case where gasoline is used for the material of the re- 
forming reaction, it is desirable to provide a hydrogen 
separation mechanism integrated with the shift unit 22 

25 or to provide an independent hydrogen separation 
mechanism interposed between the shift unit 22 and the 
CO oxidation unit 24. 

I. Ninth Embodiment 

30 

[0126] In the fuel gas production systems of th^ re- 
spective embodiments discussed above, the production 
efficiency of the fuel gas as well as the driving efficiency 
and the response of the fuel cells are improved by reg- 

35 ulating the flow rate of the purge gas. A ninth embodi- 
ment of the present invention regards the structure of 
regulating the flow rate of the purge gas. 
[0127] Fig. 31 schematically illustrates the structure 
of a fuel cells system in the ninth embodiment. The fuel 

40 cells system of the ninth embodiment has a similar struc- 
ture to that of the seventh embodiment, except some 
differences discussed below. In the structure of the ninth 
embodiment, a flow conduit is provided to lead the flow 
of the anode off gas from the outlet of the anodes in the 

45 fuel cells 28 to the separation unit 20, in orderto use the 
anode off gas for the purge gas. Another flow conduit is 
provided to introduce the air into the separation unit 20 
as part of the purge gas. 

[0128] The structure of the ninth embodiment further 
so has the following constituents to regulate the flow rate 
of the purge gas. Pumps 1 1 0, 1 1 1 , and 1 1 2 functioning 
as a flow rate regulation mechanism are disposed in the 
respective flow conduits to individually regulate the flow 
rates of the anode off gas, the air, and the cathode off 
55 gas, all of which are used as the purge gas. A change- 
over valve 1 3 is also provided in the flow conduit of the 
anode off gas to change over the working flow between 
the circulation to the separation unit 20 and the dis- 
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charge to the outside. The flow rate of the purge gas is 
controlled by an ECU 1 00. The ECU 1 00 is a microcom- 
puter including a CPU, a ROM, and a RAM. The value 
of a pressure sensor 102 and a required electric power 
are input into the ECU 100 as pieces of information re- 
quired for regulation of the flow rate. The pressure sen- 
sor 1 02 measures the flow rate of the anode off gas in 
the form of the pressure. As described later, the struc- 
ture of the ninth embodiment mainly uses the anode off 
gas for the purge gas and thus disposes the pressure 
sensor 102 at the illustrated side. The side of the pres- 
sure sensor may be varied according to the main com- 
ponent of the purge gas; for example, in the vicinity of 
the inlet of the separation unit 20, in the middle of the 
flow conduit of the cathode off gas, and in the middle of 
the flow conduit of the air. The ECU 1 00 refers to a flow 
rate table 101 and controls the operations of the fuel 
cells 28, the pumps 1 1 0, 1 1 1 , and 1 1 2, and the change- 
over valve 113 to regulate the flow rate of the purge gas 
according to the observed value of the pressure sensor 
102 and the required electric power. The ECU 1 00 also 
controls the operations of the other constituents includ- 
ing the reformer unit 1 6 and the combustion unit 23. The 
illustration of Fig. 31 only regards the part closely relat- 
ing to the regulation of the flow rate of the purge gas. 
[0129] The flow rate of the purge gas is regulated ac- 
cording to the following concept. The structure of the 
ninth embodiment regulates the flow rate of the anode 
off gas to a preset optimum value according to the re- 
quired electric power forthe fuel cells 28. With an abrupt 
increase in required electric power, the flow rate of the 
anode off gas is temporarily raised to be greater than 
the optimum value for the enhanced response. In the 
case where the fuel cells 28 have not yet been warmed 
up, the flow of the air is introduced into the purge gas to 
assist the warm-up operation . In the case where the flow 
of the anode off gas is not sufficient for a desired flow 
rate, the flow of the cathode off gas is introduced into 
the purge gas. 

[0130] The series of processing discussed below is 
executed in the ninth embodiment to regulate the flow 
rate of the purge gas. Fig. 32 is a flowchart showing a 
flow rate regulation routine, which is repeatedly execut- 
ed by the EC 1 00 with other series of control processing. 
When the program enters the flow rate regulation rou- 
tine, the ECU 100 first receives the required electric 
power for the fuel cells 28 and calculates the rate of 
change of the required electric power at step S10. The 
ECU 100 then sets a target flow rate of the purge gas 
based on the required electric power and the calculated 
rate of change at step S12. The target flow rate is read 
from a map provided in advance. 
[0131] Figs. 33A and 33B show maps used to specify 
the target flow rate. The map of Fig. 33 gives the flow 
rate of the purge gas according to the required electric 
power. For example, a value F1 is set to the target flow 
rate of the purge gas against a required electric power 
E1. The method of setting the target value will be dis- 



cussed later. The target flow rate of the purge gas is 
affected by the driving conditions of the fuel cells 28. In 
the ninth embodiment, separate maps are provided with 
regard to respective temperatures of the fuel cells 28. 

5 Consideration may also be given to other parameters 
affecting the target flow rate of the purge gas. One pos- 
sible modification uses a single map regardless of such 
parameters. Another possible modification stores the 
relationship between the required electric power and the 

10 target flow rate in the form of a function. 

[0132] The procedure of this embodiment refers to the 
table of Fig. 33A to read the flow rate of the purge gas 
against the required electric power and subsequently 
corrects the flow rate according to the rate of change in 

15 required electric power to determine the final target flow 
rate of the purge gas. Fig. 33B is a map showing the 
correction of the target flow rate against the rate of 
change in required electric power. As shown in the map 
of Fig. 33B, a positive correction of the flow rate is set 

20 in the case of an abrupt increase in required electric 
power, that is, when the rate of change in required elec- 
tric power exceeds a critical value Lim. The final target 
flow rate of the purge gas is set by adding the correction 
of the flow rate set in this manner to the flow rate read 

25 from the map of Fig. 33A. The procedure of this embod- 
iment increases the correction of the flow rate with an 
increase in rate of change of the required electric power 
as shown by the solid line. A modified procedure may 
vary the correction of the flow rate in a discontinuous 

30 manner as shown by the broken line or may set a fixed 
correction of the flow rate regardless of the variation in 
rate of change of the required electric power. The cor- 
rection of the flow rate may be given as a coefficient by 
which the flow rate read from the map of Fig. 33A is mul- 

35 tiplied. 

[0133] The following describes the method of setting 
the target flow rate of the purge gas corresponding to 
the required electric power (Fig. 33A). Fig. 34 shows a 
method of setting the target flow rate. The graph of Fig. 
40 34 shows the relationship between the flow rate of the 
purge gas and the driving efficiency of the fuel cells. An 
increase in flow rate of the purge gas results in enhanc- 
ing the separation efficiency of hydrogen in the separa- 
tion unit 20. This enables the efficient supply of hydro- 
ps gen to the fuel cells 28, so as to enhance the driving 
efficiency of the fuel cells 28. A curve Ef1 shown in Fig. 
34 represents an enhanced driving efficiency due to 
such functions with regard to a specific required electric 
power. Under the condition of the increased flow rate of 
so the purge gas, the greater power is required to drive the 
pumps 110, 111, and 112. This results in lowering the 
driving efficiency of the fuel cells 28. A curve Ef2 repre- 
sents the loss due to the flow of the purge gas. These 
curves Ef 1 and Ef2 are obtained by experiments or by 
55 analyses. 

[0134] The actual driving efficiency of the fuel cells 28 
is obtained by subtracting the loss due to the flow of the 
purge gas (the curve Ef2) from the enhanced driving ef- 
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ficiency due to the increased flow rate of the purge gas 
(the curve Ef1) and is given as a curve Ef. The hatched 
area represents the loss due to the flow of the purge 
gas. The flow rate of the purge gas has an optimum val- 
ue that maximizes the driving efficiency of the fuel cells 
28. In the example of Fig. 34, a point P represents the 
optimum point, and a corresponding flow rate Fopt is an 
optimum flow rate of the purge gas. The maps of Fig. 
33A set the optimum value corresponding to each re- 
quired electric power as the target flow rate, based on 
this idea. In this typical example shown in Fig. 34, the 
curve of the actual driving efficiency Ef has the maxi- 
mum. The curve of the actual driving efficiency Ef may, 
however, increase or decrease monotonously accord- 
ing to the structure of the fuel cells 28 and the required 
electric power. In such cases, the target flow rate is set 
to attain the highest possible driving efficiency by taking 
into account the restrictions on the operations of the fuel 
cells 28 and the upper limit of the flow rate of the purge 
gas. 

[0135] Referring back to the flowchart of Fig. 32, the 
description continues on the procedure of regulating the 
flow rate. After setting the target flow rate at step S12, 
the ECU 100 determines whether or not the fuel cells 
28 are being warmed up at step S14. In the course of 
the warm-up operation , the pump 1 1 2 is driven to intro- 
duce the air into the flow of the purge gas at step S16. 
When the fuel cells 28 have already been warmed up, 
on the other hand, no air is introduced into the flow of 
the purge gas. Introduction of the air into the purge gas 
causes oxygen included in the air to be added to the 
flow of the purge gas. Oxygen introduced into the purge 
gas reacts with hydrogen present in the flow path of the 
fuel gas and generates heat. The heat accelerates the 
warm-up of the fuel cells 28. In this state, substantially 
no hydrogen remains in the anode off gas. Circulation 
of the anode off gas to the separation unit 20 accordingly 
does not lead to the effective use of hydrogen. The ECU 
1 00 thus controls the changeover valve 1 1 3 to discharge 
the anode off gas to the outside at step S16. The flow 
of the anode off gas may alternatively be circulated to 
the separation unit 20. 

[01 36] The ECU 1 00 subsequently regulates the flow 
rate of the anode off gas at step S18. As mentioned pre- 
viously, the structure of this embodiment mainly uses 
the flow of the anode off gas as the purge gas. The ECU 
100 accordingly controls the pump 110 to regulate the 
flow rate of the anode off gas to attain the target flow 
rate set at step S12. This regulation is carried out by a 
known technique of feedback control, such as propor- 
tional control. A concrete procedure controls the driving 
state of the pump 110 to attain a pressure level meas- 
ured by the pressure sensor 102 corresponding to the 
target flow rate. 

[0137] When the target flow rate is attained by regu- 
lating the flow rate of the anode off gas at step S20, the 
ECU 100 exits from the flow rate regulation routine. 
When the regulated flow rate of the anode off gas is not 



sufficient for the target flow rate, on the other hand, the 
ECU 1 00 drives the pump 1 1 1 to introduce the cathode 
off gas into the purge gas at step S22. The ECU 100 
. repeatedly carries out the above series of the process 

5 ing to regulate the flow rate of the purge gas. 

[0138] Fig. 35 shows the process of flow rate regula- 
tion executed in the ninth embodiment. The graph of Fig. 
35 shows time variations of the required electric power, 
the target flow rate, the flow rate of the air, and the flow 

10 rate of the cathode off gas. In this example, the required 
electric power is Er1 in a time period between time 
points to and t2, Er2 in a time period between time points 
t4 and t6, Er3 in a time period between time points t7 
and t10, and again Er1 after a time pint t11 . It is here 

15 assumed that the rate of change of the required electric 
power is sufficiently smaller than the critical value Urn 
shown in Fig. 33B in the time period between the time 
points t2 and t4 and significantly greater than the critical 
value Lim in the time period between the time points t6 

20 and t7. The fuel cells 28 have not yet been warmed up 
in the time period between the time points to and t1 . 
[0139] The flow rate regulation process shown in the 
flowchart of Fig. 32 varies the target flow rate, the flow 
rate of the air, and the flow rate of the cathode off gas 

25 in the following manner with the variation in required 
electric power. In the time period between the time 
points tO and t1 , the fuel cells 28 have not yet been 
warmed up, so that the air is introduced into the flow of 
the purge gas (step S16 in Fig. 32). After the time pint 

30 t1 when the warm-up of the fuel cells 28 has been com- 
pleted, no air is introduced into the flow of the purge gas 
During the warm-up operation of the fuel cells 28, the 
target flow rate of the anode off gas is not set. At the 
time point t1 when the warm-up of the fuel cells 28 has 

35 been completed, the process stops the introduction of 
the air and sets the target flow rate of the purge gas. At 
this moment, a flow rate Ft1 corresponding to a required 
electric power Er1 is set as the target value, based on 
the maps of Fig. 33A. The target flow rate Ft1 is suffi- 
ce ciently attained only by the flow of the anode off gas, so 
that the cathode off gas is not introduced into the flow 
of the purge gas. 

[0140] In response to an increase in required electric 
power from Er1 at the time point t2 to Er2 at the time 

45 point t4, the target flow rate increases with some time 
delay from Ft1 at the time point t3 to Ft2 at the time point 
t5. These target flow rates are read from the map of Fig. 
33A. The required electric power has a sufficiently small 
rate of change in this time period, so that no correction 

50 based on the map of Fig. 33B is added to the target flow 
rate. 

[0141] In response to a further increase in required 
electric power from Er2 at the time point t6 to Er3 at the 
time point t7, the target flow rate increases with some 
55 time delay in the time period between the time points t7 
and t8. The required electric power has a significantly 
large rate of change in this time period. The target flow 
rate is accordingly set to Ft4 by adding the correction 
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based on the map of Fig. 33B to the value read from the 
map of Fig. 33A. This target flow rate Ft4 is not attained 
by the flow of the anode off gas, so that the cathode off 
gas is introduced to supplement the insufficiency. 
[0142] In the time period between the time points t7 
and t1 0, the required electric power is kept at the fixed 
value Er3 and has the rate of change equal to zero. In 
this state, the correction based on the map of Fig. 33B 
is equal to zero. The target flow rate is accordingly equal 
to the value read from the map of Fig. 33A and decreas- 
es from the value Ft4 to Ft3. This target flow rate Ft3 is 
sufficiently attained only by the flow of the anode off gas, 
so that the introduction of the cathode off gas is stopped . 
In response to a decrease in required electric power 
from Er3 at the time point t10 to Er1 at the time point 
t11 , the target flow rate decreases to Ft1 , which corre- 
sponds to Er1 , with some time delay. Although the re- 
quired electric power has a large rate of change in the 
time period between the time points t1 0 and t11 , no cor- 
rection based on the map of Fig. 33B is added to the 
target flow rate in the case of a descending variation. 
[0143] The fuel cells system of the ninth embodiment 
regulates the flow rate of the purge gas in the above 
manner and accordingly has advantages discussed be- 
low. Regulation of the flow rate of the purge gas to an 
optimum value corresponding to the required electric 
power as shown in Fig. 34 enhances the driving efficien- 
cy of the fuel cells 28. Introduction of the air into the flow 
of the purge gas accelerates the warm-up of the fuel 
cells 28. The heat of the reaction of hydrogen included 
in the fuel gas with oxygen included in the air is used for 
the warm-up. 

[0144] When the required electric power has a large 
rate of change, the flow rate of the purge gas is in- 
creased from the optimum value read from the map (see 
Fig. 33B). The increased flow rate of the purge gas en- 
hances the flow velocity of the fuel gas and thereby im- 
proves the dispersibility of the fuel gas in the fuel cells 
28. This enables the fuel gas to be quickly supplied to 
each unit cell of the fuel cells 28, while raising the utili- 
zation rate of hydrogen in the fuel gas. The increased 
flow rate of the purge gas enhances the separation ef- 
ficiency of hydrogen in the separation unit 20 and en- 
sures the efficient supply of hydrogen to the fuel cells 
28. The efficient separation of hydrogen results in in- 
creasing the quantity of hydrogen present in the flow 
path between the lower stream side of the separation 
unit 20 and the fuel cells 28, thus ensuring the adequate 
supply of the fuel gas against the variation in a load on 
the fuel celts 28. The fuel cells 28 are accordingly driven 
with a high response. 

[01 45] In the case where the flow of the anode off gas 
is insufficient for the target flow rate of the purge gas, 
the cathode off gas is additionally introduced to supple- 
ment the insufficiency and attain the target flow rate of 
the purge gas. This ensures the stable supply of the fuel 
gas and thereby the stable operations of the fuel cells 
28. Especially when there is a possibility that the purge 



gas is reversely diffused from the extraction face to the 
feeding face of the hydrogen separation membrane 18 
or that a leakage occurs from the electrolyte membrane 
or another part of the fuel cells 28, the supply of the 

5 purge gas from a plurality of different gas flow sources 
ensures the stable operations of the fuel cells 28. Al- 
though the structure of the ninth embodiment addition- 
ally uses the cathode off gas for the purpose of supple- 
ment, the air or steam may be used instead. Inthestruc- 

w ture that mainly uses the flow of the cathode off gas for 
the purge gas, the anode off gas may additionally be 
used for the purpose of supplement. 
[0146] The ninth embodiment regards the arrange- 
ment of regulating the flow rate of the purge gas in the 

*5 structure that mainly uses the flow of the anode off gas 
for the purge gas. The regulation of the flow rate of the 
purge gas is, however, not restricted to this structure that 
mainly uses the anode off gas for the purge gas, but may 
be applicable to any of the embodiments and their mod- 

20 if ications discussed above. The arrangement of regulat- 
ing the flow rate of the purge gas may be adopted in the 
structure that mainly uses the flow of the cathode off gas 
for the purge gas, in the structure that uses the mixture 
of the anode off gas and the cathode off gas for the 

25 purge gas, in the structure that uses only the anode off 
gas for the purge gas, and in the structure that changes 
over the source of the purge gas. 
[0147] In the structure of circulating the flow of the an- 
ode off gas, the flow conduit for the circulation may be 

30 filled in advance with an inert dry gas, for example, ni- 
trogen. In this case, the inert dry gas is used asthe purge 
gas. The inert dry gas is not consumed by the reactions 
proceeding in the fuel cells. The circulation accordingly 
ensures the fixed flow rate of the purge gas. The struc- 

35 ture of the ninth embodiment introduces the air as the 
purge gas into the system at the start of the operation 
of the fuel cells 28, while discharging the flow of the an- 
ode off gas to the outside by means of the changeover 
valve 113. In the case of circulating the inert dry gas, it 

40 is desirable to prohibit the discharge of the anode off 
gas in principle. 

[0148] Compared with the structure that utilizes the 
residual gas for the purge gas, the structure of circulat- 
ing the inert dry gas enables the purge gas to be sup- 

45 plied immediately after the start of the operation of the 
fuel cells 28, thus ensuring the efficient separation of 
hydrogen from the initial stage. The inert dry gas used 
as the purge gas does not generally cause the elec- 
trodes of the fuel cells 28 to sweat. The condenser 26 

so disposed before the supply of the fuel gas to the fuel 
cells 28 may thus be omitted from the system. This ad- 
vantageously reduces the size of the whole fuel cells 
system. The quantity of the inert gas may gradually de- 
crease, for example, due to a leakage of the inert gas 

55 from the separation unit 20 to the reformer unit 16 
through the hydrogen separation membrane 18. In this 
case, it is preferable to additionally introduce the air, the 
cathode off gas, the residual gas, or the anode off gas, 
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in order to supplement the insufficiency. The introduc- 
tion of the air or the cathode off gas is attained by mod- 
ifying the structure of the ninth embodiment. The intro- 
duction of the residual gas is attained by combining the 
variety of structures discussed above. 
[01 49] In the flow rate regulation of the purge gas ex- 
ecuted in the ninth embodiment, the processing during 
the warm-up operation of the fuel cells 28 (see step S16 
in the flowchart of Fig. 32) : the correction according to 
the rate of change in required electric power (see the 
map of Fig. 33B), and the use of the auxiliary purge gas 
source under the condition of the insufficient flow rate 
(see step S22 in Fig. 32) may arbitrarily be chosen. 
[0150] The above embodiments regard the structure 
that utilizes the residual gas and the anode off gas and 
the cathode off gas of the fuel cells 28 alone or in com- 
bination for the purge gas. One possible modification 
additionally uses the steam or another condensable gas 
or an inert gas for the purge gas. In another possible 
modification, the source of the purge gas may be 
switched over among the residual gas, the off gas, and 
the condensable gas, according to the driving conditions 
of the fuel celts. The principle of the present invention 
is attained in a variety of applications and embodiments 
including the basic structure that utilizes the residual gas 
and the off gas alone or in combination for the purge gas. 
[0151] The present invention is not restricted to the 
above embodiments or their modifications, but there 
may be many other modifications, changes, and altera- 
tions without departing from the scope or spirit of the 
main characteristics of the present invention. 
[0152] The scope and spirit of the present invention 
are limited only by the terms of the appended claims. 
[0153] The technique of the present invention en- 
hances the separation efficiency and the production ef- 
ficiency of hydrogen in a hydrogen production system 
for fuel cells, while reducing the size of the whole fuel 
gas production system. In the fuel gas production sys- 
tem of the present invention, a hydrocarbon compound 
is subjected to multi-step chemical processes including 
a reforming reaction, a shift reaction, and a CO oxidation 
to give a hydrogen-rich fuel gas. Gaseous hydrogen pro- 
duced through the reforming reaction is separated by a 
hydrogen separation membrane having selective per- 
meability to hydrogen. The residual gas after the sepa- 
ration of hydrogen has a low hydrogen partial pressure 
and undergoes the shift reaction at the accelerated rate. 
The hydrogen-rich processed gas obtained through the 
shift reaction and the CO oxidation joins with the sepa- 
rated hydrogen and is supplied to fuel cells. A purge gas 
for carrying out the hydrogen is introduced into a sepa- 
ration unit of hydrogen, in order to lower the hydrogen 
partial pressure and thereby enhance the separation ef- 
ficiency of hydrogen. The residual gas after the separa- 
tion of hydrogen undergoes combustion and is subse- 
quently used as the purge gas 



Claims 

1. A fuel gas production system that produces a hy- 
drogen-rich fuel gas, which is to be supplied to fuel 

5 cells, from a raw material, said fuel gas production 
system comprising: 

a chemical reaction device that produces a gas- 
eous mixture containing hydrogen from the raw 
w material through a plurality of chemical proc- 

esses; 

a hydrogen separation mechanism that sepa- 
rates hydrogen from the gaseous mixture in 
said chemical reaction device; and 

15 a flow path that feeds both the hydrogen sepa- 

rated by said hydrogen separation mechanism 
and a residual gas after the separation of hy- 
drogen from the gaseous mixture to said fuel 
cells, so as to supply of hydrogen obtained in 

20 the chemical processes in said chemical reac- 

tion device to said fuel cells. 

2. A fuel gas production system in accordance with 
claim 1 , wherein said chemical reaction device in- 

25 eludes a plurality of reaction units connected in se- 
ries, and 

said hydrogen separation mechanism is dis- 
posed at a specific position in said chemical reac- 
tion device to allow separation of hydrogen pro- 
30 duced in one of the plurality of reaction units except 
a last reaction unit . 

3. A hydrogen production system in accordance with 
claim 2, wherein said chemical reaction device in- 

35 eludes a reformer unit for reforming reaction and a 
shift unit for shift reaction . and 

said hydrogen separation mechanism is lo- 
cated in an upstream side of said shift unit. 

40 4. A hydrogen production system in accordance with 
claim 1 , wherein said hydrogen separation mecha- 
nism comprises: 

a hydrogen separation membrane that has se- 
45 lective permeability to hydrogen and have a 

feeding face and an extraction face, , the feed- 
ing face receiving a supply of the gaseous mix- 
ture, the extraction face extracting selectively 
permeating hydrogen from the gaseous mix- 
so ture: and 

a purge gas supply unit that introduces a purge 
gas to the extraction face ,so as to carry the hy- 
drogen. 

55 5. A hydrogen production system in accordance with 
claim 4, wherein the purge gas is introduced under 
conditions that a first hydrogen partial pressure on 
the feeding face is higher than on the extraction face 
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and that a first total pressure on the feeding face is 
even or lower than a second total pressure on the 
extraction face. 

6. A hydrogen production system in accordance with 
claim 4, said hydrogen production system further 
comprising a gas flow rate regulation mechanism 
that is provided in said flow path to automatically 
vary a flow rate of the purge gas such that the flow 
rate of the purge gas is maintained in a predeter- 
mined correlation with a flow rate of the residual 
gas. 

7. A hydrogen production system in accordance with 
claim 6, wherein said gas flow rate regulation mech- 
anism comprises a jet pump, said jet pump includ- 
ing s drive flow-in port, a sucked flow-in port and a 
flow-out port, the residual gas flowing into said drive 
flow-in port, the purge gas flowing into said sucked 
flow-in port, thereby maintaining said predeter- 
mined correlation. 

8. A fuel cells system, comprising: 

a fuel gas production system that produces a 
hydrogen-rich fuel gas from a raw material; and 
fuel cells that receive a supply of the fuel gas 
from said fuel gas production system to gener- 
ate electric power, 

said fuel gas production system including: 

a chemical reaction device that produces 
a gaseous mixture containing hydrogen 
from the raw material through a plurality of 
chemical processes; 

a hydrogen separation mechanism that 
separates hydrogen from the gaseous mix- 
ture in at least one place of said chemical 
reaction device; and 

a flow path that feeds both the hydrogen 
separated by said hydrogen separation 
mechanism and a residual gas after the 
separation of hydrogen from the gaseous 
mixture to said fuel cells, so as to ensure a 
supply of all hydrogen obtained in all the 
chemical processes in said chemical reac- 
tion device to said fuel cells. 

9. A fuel gas production system that produces a hy- 
drogen-rich fuel gas, which is to be supplied to fuel 
cells, from a raw material, said fuel gas production 
system comprising: 

a chemical reaction device that produces a gas- 
eous mixture containing hydrogen from the raw 
material through a chemical process; 
a hydrogen separation membrane that has se- 
lective permeability to hydrogen and have a 



feeding face and an extraction face, . the feed- 
ing face receiving a supply of the gaseous mix- 
ture, the extraction face extracting selectively 
permeating hydrogen from the gaseous mix- 

5 ture; 

a noxious component reduction unit which re- 
duces concentration of a noxious component, 
that is harmful to said fuel cells, in a residual 
gas after the separation of hydrogen from the 

10 gaseous mixture through said hydrogen sepa- 

ration membrane; and 

a purge gas supply unit that introduces the re- 
sidual gas after the reduction process, as a 
purge gas for carrying the hydrogen, to the ex- 
15 traction face . 

10. A fuel gas production system in accordance with 
claim 9, wherein the reduction process includes an 
oxidation of the residual gas. 

20 

11. A fuel gas production system in accordance with 
claim 9, wherein the reduction process includes a 
catalytic reaction of the residual gas. 

25 12. A fuel gas production system in accordance with 
claim 9, wherein said purge gas supply unit intro- 
duces a flow of an off gas discharged from said fuel 
cells as part of the purge gas. 

30 13. A fuel gas production system in accordance with 
claim 12, wherein said purge gas supply unit leads 
the flow of the off gas to an upper stream side of 
said chemical reaction device. 

35 14. A fuel gas production system in accordance with 
claim 12, wherein said purge gas supply unit leads 
the off gas to an intermediate position between the 
feeding face and said noxious component reduction 
unit. 

40 

15. A fuel gas production system in accordance with 
claim 12, wherein said purge gas supply unit leads 
the off gas to an intermediate position between said 
noxious component reduction unit and the extrac- 
ts tion face . 

16. A fuel gas production system in accordance with 
claim 9, wherein said purge gas supply unit com- 
prises a circulation mechanism that circulates an 

50 anode off gasdischarged from anodes of said fuel 
cells as part of the purge gas to the extraction face . 

17. A fuel gas production system in accordance with 
claim 9, said fuel gas production system further 

55 comprising: 

a memory configured to store a predetermined 
relationship between a load on said fuel cells 
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and a flow rate of the purge gas; 

a measuring unit configured to measure the 

load on said fuel cells; and 

a flow rate regulation unit that regulates a flow 

rate of the purge gas according to the load. 5 

18. A fuel gas production system in accordance with 
claim 17, wherein said measuring unit also meas- 
ures a rate of change in the load on said fuel cells, 
and ^ 

said flow rate regulation unit raises the flow 
rate to a specific level that is significantly greater 
than the flow rate specified by the relationship when 
the observed rate of change is not less than a pre- 
determined level. 15 

19. A fuel gas production system in accordance with 
claim 17, wherein said purge gas supply unit com- 
prises an additional gas source to supplement the 
flow of the purge gas, and 20 

said flow rate regulation unit utilizes said ad- 23. 
ditional gas source when the flow rate of the purge 
gas is insufficient. 

20. A fuel gas production system in accordance with 25 
claim 9, wherein said purge gas supply unit intro- 
duces an oxygen-containing gas into the flow of the 
purge gas, 

said fuel gas production system further com- 
prising: 30 

a warm-up determination unit that determines 
whether or not said fuel cells have already been 
warmed up; and 

a control unit that controls said purge gas sup- 35 
ply unit to increase a quantity of the oxygen- 
containing gas introduced into the flow of the 
purge gas when it is determined that said fuel 
cells have not yet been warmed up. 

40 

21. A fuel gas production system in accordance with 24, 
claim 9, said fuel gas production system further 
comprising: 

a steam separation mechanism that sepa- 
rates steam from the fuel gas prior to its supply to 45 
said fuel cells. 

25. 

22. A fuel cells system, comprising: 

a fuel gas production system that produces a 50 
hydrogen-rich fuel gas from a raw material; and 
said fuel cells that receive a supply of the fuel 
gas from said fuel gas production system to 
generate electric power, 

said fuel gas production system comprising: 55 

a chemical reaction device that produces 
a gaseous mixture containing hydrogen 



from the raw material through a chemical 
process; 

a hydrogen separation membrane that has 
selective permeability to hydrogen and 
have a feeding face and an extraction 
face, , the feeding face receiving a supply 
of the gaseous mixture, the extraction face 
extracting selectively permeating hydro- 
gen from the gaseous mixture: 
a noxious component reduction unit which 
reduces concentration of a noxious com- 
ponent, that is harmful to said fuel cells, in 
a residual gas after separation of hydrogen 
from the gaseous mixture through said hy- 
drogen separation membrane; and 
a purge gas supply unit that introduces the 
residual gas after the reduction process, as 
a flow of a purge gas for carrying out the 
hydrogen, to the extraction face . 

A fuel gas production system that produces a hy- 
drogen-rich fuel gas, which is to be supplied to fuel 
cells, from a raw material, said fuel gas production 
system comprising: 

a chemical reaction device that produces a gas- 
eous mixture containing hydrogen from the raw 
material through a chemical process; 
a hydrogen separation membrane that has se- 
lective permeability to hydrogen and have a 
feeding face and an extraction face, , the feed- 
ing face receiving a supply of the gaseous mix- 
ture, the extraction face extracting selectively 
permeating hydrogen from the gaseous mix- 
ture; and 

a purge gas supply unit that introduces a cath- 
ode off gas discharged from cathodes of said 
fuel cells as a purge gas for carrying out the 
hydrogen to the extraction face . 

A fuel gas production system in accordance with 
claim 23, wherein said purge gas supply unit com- 
prises a circulation mechanism that circulates an 
anode off gasdischarged from anodes of said fuel 
cells as part of the purge gas to the extraction face . 

A fuel gas production system in accordance with 
claim 23, said fuel gas production system further 
comprising: 

a memory configured to store a predetermined 
relationship between a load on said fuel cells 
and flow rate of the purge gas; 
a measuring unit configured to measure a load 
on said fuel cells; and 

a flow rate regulation unit that regulates a flow 
rate of the purge gas according to the a load on. 
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26. A fuel gas production system in accordance with 
claim 25, wherein said measuring unit also meas- 
ures a rate of change in a load on said fuel cells, and 

said flow rate regulation unit raises the flow 
rate to a specific level that is significantly greater 
than the flow rate specified by the relationship when 
the observed rate of change is not less than a pre- 
determined level. 

27. A fuel gas production system in accordance with 
claim 25, wherein said purge gas supply unit com- 
prises an additional gas source to supplement the 
flow of the purge gas, and 

said flow rate regulation unit utilizes said ad- 
ditional gas source when the flow rate of the purge 
gas is insufficient. 

28. A fuel gas production system in accordance with 
claim 23. wherein said purge gas supply unit is a 
mechanism that introduces an oxygen-containing 
gas into the flow of the purge gas, 

said fuel gas production system further com- 
prising: 

a warm-up determination unit that determines 
whether or not said fuel cells have already been 
warmed up; and 

a control unit that controls said purge gas sup- 
ply unit to increase a quantity of the oxygen- 
containing gas introduced into the flow of the 
purge gas when it is determined that said fuel 
cells have not yet been warmed up. 

29. A fuel gas production system in accordance with 
claim 23, said fuel gas production system further 
comprising: 

a steam separation mechanism that sepa- 
rates steam from the fuel gas prior to supply of the 
fuel gas to said fuel cells. 

30. A fuel cells system, comprising: 

a fuel gas production system that produces a 
hydrogen-rich fuel gas from a raw material; and 
said fuel cells that receive a supply of the fuel 
gas from said fuel gas production system to 
generate electric power, 
said fuel gas production system comprising: 

a chemical reaction device that produces 
a gaseous mixture containing hydrogen 
from the raw material through a chemical 
process; 

a hydrogen separation membrane that has 
selective permeability to hydrogen and 
have a feeding face and an extraction 
face, . the feeding face receiving a supply 
of the gaseous mixture, the extraction face 



extracting selectively permeating hydro- 
gen from the gaseous mixture; 
a purge gas supply unit that introduces a 
cathode off gas, which is discharged from 
5 cathodes of said fuel cells, as a flow of a 

purge gas for carrying out the hydrogen, to 
the extraction face . 

31. A fuel gas production system that produces a hy- 
*o drogen-rich fuel gas, which is to be supplied to fuel 

cells, from a raw material, said fuel gas production 
system comprising: 

a chemical reaction device that produces a gas- 
's eous mixture containing hydrogen from the raw 
material through a chemical process; 
a hydrogen separation membrane that has se- 
lective permeability to hydrogen and have a 
feeding face and an extraction face, . the feed- 
20 jng face receiving a supply of the gaseous mix- 
ture, the extraction face extracting selectively 
permeating hydrogen from the gaseous mix- 
ture; 

a reduction unit where a reduction process pro- 
25 ceeds to reduce concentration of at least one 

of hydrogen and a specific component, which 
has high reactivity to hydrogen, included in a 
gas prior to supply to said fuel cells; and 
a purge gas supply unit that introduces a proc- 
30 essed gas after the reduction process, as a flow 

of a purge gas for carrying out the hydrogen, to 
the extraction face. 

32. A fuel gas production system in accordance with 
35 claim 31, said fuel gas production system further 

comprising: 

a memory configured to store a predetermined 
relationship between a load on said fuel cells 
40 and flow rate of the purge gas; 

a measuring unit configured to measure a load 
on said fuel cells; and 

a flow rate regulation unit that regulates a flow 
rate of the purge gas according to the a load on . 

45 

33. A fuel gas production system in accordance with 
claim 32, wherein said measuring unit also meas- 
ures a rate of change in a load on said fuel cells, and 

said flow rate regulation unit raises the flow 
50 rate to a specific level that is significantly greater 
than the flow rate specified by the relationship when 
the observed rate of change is not less than a pre- 
determined level. 

55 34. a fuel gas production system in accordance with 
claim 32, wherein said purge gas supply unit com- 
prises an additional gas source to supplement the 
flow of the purge gas, and 
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said flow rate regulation unit utilizes said ad- 
ditional gas source when the flow rate of the purge 
gas is insufficient. 

35. A fuel gas production system in accordance with 
claim 31, wherein said purge gas supply unit is a 
mechanism that introduces an oxygen-containing 
gas into the flow of the purge gas, 

said fuel gas production system further including: 

a warm-up determination unit that determines 
whether or not said fuel cells have already been 
warmed up; and 

a control unit that controls said purge gas sup- 
ply unit to increase a quantity of the oxygen- 
containing gas introduced into the flow of the 
purge gas when it is determined that said fuel 
cells have not yet been warmed up. 

36. A fuel gas production system in accordance with 
claim 31, said fuel gas production system further 
comprising: 

a steam separation mechanism that sepa- 
rates steam from the fuel gas prior to its supply to 
said fuel cells. 

37. A fuel cells system, comprising: 

a fuel gas production system that produces a 
hydrogen-rich fuel gas from a raw material; and 
said fuel cells that receive a supply of the fuel 
gas from said fuel gas production system to 
generate electric power, 
said fuel gas production system comprising: 

a chemical reaction device that produces 
a gaseous mixture containing hydrogen 
from the raw material through a chemical 
process; 

a hydrogen separation membrane that has 
selective permeability to hydrogen and 
have a feeding face and an extraction 
face, , the feeding face receiving a supply 
of the gaseous mixture, the extraction face 
extracting selectively permeating hydro- 
gen from the gaseous mixture; 
a reduction unit where a reduction process 
proceeds to reduce concentration of at 
least one of hydrogen and a specific com- 
ponent, which has high reactivity to hydro- 
gen, included in a gas priorto supply to said 
fuel cells; and 

a purge gas supply unit that introduces a 
processed gas after the reduction process, 
as a flow of a purge gas for carrying out the 
hydrogen, to the extraction face . 

38. A fuel gas production system that produces a hy- 



drogen-rich fuel gas, which is to be supplied to fuel 
cells, from a raw material, said fuel gas production 
system comprising: 

5 a chemical reaction device that produces a gas- 

eous mixture containing hydrogen from the raw 
materia! through a chemical process; 
a hydrogen separation membrane that has se- 
lective permeability to hydrogen and have a 

w feeding face and an extraction face, , the feed- 

ing face receiving a supply of the gaseous mix- 
ture, the extraction face extracting selectively 
permeating hydrogen from the gaseous mix- 
ture; 

is a purge gas supply unit that introduces an an- 

ode off gas, which is discharged from anodes 
of said fuel cells, as a flow of a purge gas for 
carrying out the hydrogen, to the extraction 
face ; 

20 a memory configured to store a predetermined 

relationship between a load on said fuel cells 
and flow rate of the purge gas; 
a measuring unit that measures a load on said 
fuel cells; and 

25 a flow rate regulation unit that regulates a flow 

rate of the purge gas according to the observed 
a load on. 

39. A fuel gas production system in accordance with 
30 claim 38, wherein said measuring unit also meas- 
ures a rate of change in a load on said fuel cells, and 

said flow rate regulation unit raises the flow 
rate to a specific level that is significantly greater 
than the flow rate specified by the relationship when 
35 the observed rate of change is not less than a pre- 
determined level. 

40. A fuel gas production system in accordance with 
claim 38, wherein said purge gas supply unit com- 

40 prises an additional gas source to supplement the 
flow of the purge gas, and 

said flow rate regulation unit utilizes said ad- 
ditional gas source when the flow rate of the purge 
gas is insufficient. 

45 

41 . A fuel gas production system in accordance with 
claim 38, wherein said purge gas supply unit is a 
mechanism that introduces an oxygen-containing 
gas into the flow of the purge gas, 

so said fuel gas production system further including: 

a warm-up determination unit that determines 
whether or not said fuel cells have already been 
wanned up; and 
55 a control unit that controls said purge gas sup- 

ply unit to increase a quantity of the oxygen- 
containing gas introduced into the flow of the 
purge gas when it is determined that said fuel 
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cells have not yet been warmed up. 

42. A fuel gas production system in accordance with 
claim 38 ; said fuel gas production system further in- 
cluding; 

a steam separation mechanism that sepa- 
rates steam from the fuel gas prior to its supply to 
said fuel cells. 

43. A fuel cells system, comprising: 

a fuel gas production system that produces a 
hydrogen-rich fuel gas from a raw material; and 
said fuel cells that receive a supply of the fuel 
gas from said fuel gas production system to 
generate electric power, 
said fuel gas production system comprising: 

a chemical reaction device that produces 
a gaseous mixture containing hydrogen 
from the raw material through a chemical 
process; 

a hydrogen separation membrane that has 
selective permeability to hydrogen and 
have a feeding face and an extraction 
face, , the feeding face receiving a supply 
of the gaseous mixture, the extraction face 
extracting selectively permeating hydro- 
gen from the gaseous mixture; 
a purge gas supply unit that introduces an 
anode off gas, which is discharged from 
anodes of said fuel cells, as a flow of a 
purge gas for carrying out the hydrogen, to 
the extraction face of said hydrogen sepa- 
ration membrane; 

a memory configured to store a predeter- 
mined relationship between a load on said 
fuel cells and flow rate of the purge gas; 
a measuring unit that measures a load on 
said fuel cells; and 

a flow rate regulation unit that regulates a 
flow rate of the purge gas according to the 
observed a load on said fuel cells. 

44. A method of producing a hydrogen-rich fuel gas, 
which is to be supplied to fuel cells, from a raw ma- 
terial through a plurality of chemical processes, said 
method comprising the steps of: 

(a) separating hydrogen produced in at least 
one chemical process of an upper stream side 
among the plurality of chemical processes; 

(b) causing a residual gas after the separation 
of hydrogen to undergo a chemical process of 
a lower stream side among the plurality of 
chemical processes; and 

(c) supplying hydrogen obtained in said step (a) 
and said step (b) to said fuel cells. 



45. A method of separating hydrogen from a hydrogen- 
containing gaseous mixture in a process of produc- 
ing a fuel gas for fuel cells by utilizing a hydrogen 
separation membrane that is arranged to have op- 

5 posing two faces, that is, a feeding face that has 
selective permeability to hydrogen and have a feed- 
ing face and an extraction face, , the feeding face 
receiving a supply of the gaseous mixture, the ex- 
traction face extracting selectively permeating hy- 
10 drogen from the gaseous mixture, said method 
comprising the steps of: 

(a) causing a residual gas after the separation 
of hydrogen from the gaseous mixture through 
said hydrogen separation membrane to under- 
go a reduction process, which reduces concen- 
tration of a noxious component that is harmful 
to said fuel cells; and 

(b) introducing the residual gas after the reduc- 
tion process, as a flow of a purge gas for car- 
rying out the hydrogen, to the extraction face of 
said hydrogen separation membrane. 

46. A method of separating hydrogen from a hydrogen- 
containing gaseous mixture in a process of produc- 
ing a fuel gas for fuel cells by utilizing a hydrogen 
separation membrane that has selective permeabil- 
ity to hydrogen and have a feeding face and an ex- 
traction face, , the feeding face receiving a supply 
of the gaseous mixture, the extraction face extract- 
ing selectively permeating hydrogen from the gas- 
eous mixture, said method comprising the step of: 

introducing a cathode off gas discharged from 
cathodes of said fuel cells as a purge gas for carry- 
ing out the hydrogen to the extraction face. 

47. A method of separating hydrogen from a hydrogen- 
containing gaseous mixture in a process of produc- 
ing a fuel gas for fuel cells by utilizing a hydrogen 
separation membrane that has selective permeab il- 
tty to hydrogen and have a feeding face and an ex- 
traction face, , the feeding face receiving a supply 
of the gaseous mixture, the extraction face extract- 
ing selectively permeating hydrogen from the gas- 
eous mixture, said method comprising the steps of: 

(a) carrying out a reduction process to reduce 
concentration of at least one of hydrogen and 
a specific component, which has high reactivity 
to hydrogen, included in a gas prior to supply 
to said fuel cells; and 

(b) introducing processed gas after the reduc- 
tion process, as a flow of a purge gas for car- 
rying out the hydrogen, to the extraction face . 

48. A method of separating hydrogen from a hydrogen- 
containing gaseous mixture in a process of produc- 
ing a fuel gas for fuel cells by utilizing a hydrogen 
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separation membrane that has selective permeabil- 
ity to hydrogen and have a feeding face and an ex- 
traction face, , the feeding face receiving a supply 
of the gaseous mixture, the extraction face extract- 
ing selectively permeating hydrogen from the gas- 5 
eous mixture, said method comprising the steps of: 

(a) measuring a load on said fuel cells; and 

(b) regulating a flow rate of a purge gas for car- 
rying out the hydrogen according to the ob- 10 
served a load on, based a preset relationship 
between a load on said fuel cells and flow rate 

of the purge gas. 

49. A method of separating hydrogen from a hydrogen- is 
containing gaseous mixture in a process of produc- 
ing a fuel gas for fuel cells by utilizing a hydrogen 
separation membrane that is arranged to have op- 
posing two faces, that is. a feeding face that defines 

a gaseous mixture chamber and receives a supply 20 
of the gaseous mixture and an extraction face that 
extracts selectively permeating hydrogen from the 
gaseous, mixture, said method comprising the 
steps of: 

25 

(a) measuring a rate of change in a load on said 
fuel cells; and 

(b) raising a flow rate of a purge gas for carrying 
out the hydrogen when the observed rate of 
change in a load on said fuel cells is not less 30 
than a predetermined level. 

50. A method of warming up fuel cells by utilizing a sup- 
ply of a fuel gas, said method comprising the step of: 

introducing a mixture of the fuel gas and an 35 
oxygen-containing gas to said fuel cells when said 
fuel cells have not been warmed up. 
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3. Verfahren nach Anspruch 1 oder 2, weiter 
dadurch gekennzeichnet, daft 

es fur eine in einem Kraftfahrzeug angeordnete Me- 
thanolreformierungsanlage dient und die Katalysa- 
torreaktivierungsphasen auf Fahreranforderung 
Oder selbstatig durch eintretende Fahrzeugstill- 
standsphasen ausgeldst werden. 



Claims 

1 . A process for the operation of a methanol reforming 
device in which 

methanol is reformed in a methanol reforming 
reactor using a methanol reforming catalyst in 
reforming reaction mode and 
reforming reaction mode is periodically inter- 
rupted by catalyst reactivation phases during 
which the methanol reforming catalyst which 
loses catalytic activity during reforming reac- 
tion mode is treated to regenerate its activity 

characterised in that 

the catalyst reactivation phases of reactor op- 
eration involve lower loads and/or higher tem- 
peratures than reforming reaction mode. 

2. A process in accordance with Claim 1 . 
characterised in that 

during the catalyst reactivation phases with re- 
duced load and/or higher temperature a gas clean- 
ing stage fitted downstream of the reactor which re- 
duces the carbon monoxide content in the refor- 
mate gas is operated with an increased output in 
relation to the carbon monoxide content in the refor- 
mate gas. 

3. A process in accordance with Claim 1 or 2, 
characterised tn that 

it is used for a methanol reforming device fitted in a 
motor vehicle and the catalyst reactivation phases 
can be actuated by driver request or automatically 
during phases in which the vehicle is at a standstill. 



a des phases de reactivation du catalyseur, 
phases pendant lesquelles, lorsque la reaction 
de reformage est en oeuvre, le catalyseur de 
reformage du methanol, dont TactivitS catalyti- 
5 que diminue, est traite" dans le sens d'une re- 

generation de Pactivite, 

caracteris£ en ce que 

10 - les phases de reactivation du catalyseur com- 
prennent un fonctionnement du reacteur a une 
charge reduite et/ou a une temperature supe- 
rieure par rapport aux conditions de fonction- 
nement de la reaction de reformage. 

15 

2. Precede" selon la revendication 1, caracterise" en 
outre en ce que, pendant les phases de reactivation 
du catalyseur, se faisant a charge recluite et/ou a 
temperature augmentee, un etage depuration de 

20 gaz, diminuant la proportion de monoxyde de car- 
bone dans le gaz de reformat, install^ en aval du 
reacteur, est mis en fonctionnement a une puissan- 
ce augmented, eu 6garda la proportion de monoxy- 
de de carbone dans le gaz de reformat. 

25 

3. Proc6de selon la revendication 1 ou 2, caract6rise 
en outre en ce qu'il est utilise pour une installation 
de reformage du methanol, disposee dans un vehi- 
cule automobile, et les phases de reactivation du 

30 catalyseur sont declenchees a la demande du con- 
ducted ou bien automatiquement, par passage aux 
phases d'arret du v6hicule. 



Revendications 

1 . Procede de fonctionnement d'une installation de re- so 
formage de methanol, dans lequel 

lorsque la reaction de reformage est en oeuvre, 
le methanol situe dans un reacteur de reforma- 
ge de methanol est reforme\ avec utilisation 
d'un catalyseur de reformage de methanol, et 
le fonctionnement de la reaction de reformage 
est interrompu periodiquement, pour proceder 
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nungbetrieben. Ein wahrend der Reaktivierungsphasen 
im Vergleich zum normalen Reformierungsreaktionsbe- 
trieb aufgrund einer vorgenommenen Temperaturerhb- 
hung eventuell erhohter CO-Gehalt im Reformatgas 
ausgangsseitig des Reaktors laBt sich auf diese Weise 
kompensieren. Beispielsweise kann bei Verwendung ei- 
ner CO-Oxidationsstufe als Gasreinigungsstufe der so- 
genannte Luft-Lambdawert wahrend der Katalysatorre- 
aktivierungsphasen gegenuber dem Reformierungsre- 
aktionsbetrieb erhdht werden. Dieser Luft-Lambdawert 
bestimmt die Menge an Sauerstoff, die dem Reformat- 
gasstrom z weeks Oxidation des in letzterem enthalten- 
den Kohlenmonoxids zugefuhrt wird, wobei ein Lamb- 
dawert von eins das stochiometrische Mengenverhalt- 
nis reprasentiert. Fur den Reformierungsreaktionsbe- 
trieb wird typischerweise ein Lambdawert von etwas 
groGer als eins gewahlt. Der erhohte Luft-Lambdawert 
wahrend der Kataiysatorreaktivierungsphasen hat folg- 
lich die Einstellung eines erhohten O 2 -0berschusses in 
der CO-Oxidationsstufe zur Folge, wodurch diese in der 
Lage ist, den CO-Anteil im Reformatgasstrom wahrend 
der Katalysatorreaktivierungsphasen auf denselben 
niedrigen Wert zu verringem wie im Reformierungsre- 
aktionsbetrieb. 

[0020] Zur Auslosung einer jeweiligen Katalysatorre- 
aktivierungsphase fur die im Kraftfahrzeug befindliche 
Anlage stehen mehrere Varianten zur Verfugung. Zum 
einen kann die Moglichkeit einer fahrerangeforderten 
Auslosung vorgesehen sein, beispielsweise uber eine 
entsprechende Bedientaste. Der Kraftfahrzeugnutzer 
kann dann z.B. jeweils nach Abstellen des Kraftfahrzeu- 
ges durch Betatigung der Bedientaste eine Katalysator- 
reaktivierungsphase auslosen. Zusatzlich oder alterna- 
tiv zu dieser MaGnahme kann eine selbstatige Auslo- 
sung der Katalysatorreaktivierungsphasen vorgesehen 
sein, beispielsweise immerdann, wenn sich Fahrzeugs- 
tillstandsphasen ergeben, d.h. wenn das Fahrzeug seit 
einer vorgebbaren Zeitdauer steht, z.B. wegen eines 
Ampelstops Oder eines Staus. Von hierzu fahrzeugseitig 
vorgesehenen Detektionsmitteln wird das Auftreten sol- 
cher Fahrzeugsstillstandsphasen selbstatig erfaBt, wo- 
nach die Detektionsmittel dann die jeweilige Katalysa- 
torreaktivierungsphase fur die Methanolreformierungs- 
anlage auslosen. Bei Bedarf konnen sowohl die auto- 
matische als auch die fahrerangeforderte Auslosung 
von Katalysatorreaktivierungsphasen realisiert sein. In 
jedem Fall ist es moglich, die Katalysatorreaktivierungs- 
phasen in den laufenden Fahrbetrieb zu integrieren, 
ohne denselben nur fur diesen Zweck unterbrechen zu 
mussen. 

[0021] Es versteht sich, daG die Reaktivierungspha- 
sen nur jeweils so lange durchgefuhrt zu werden brau- 
chen, bis die anfangliche Katalysatoraktivitat weitestge- 
hend wieder hergestellt ist oder sich jedenfalls keine we- 
sentliche Aktivitatssteigerung mehr ergibt. Dabei wer- 
den die Katalysatorreaktivierungsphasen jedoch gege- 
benenfalls vorzeitig beendet, wenn dies durch den vom 
Fahrer gesteuerten Fahrbetrieb veranlaGt wird, d.h. 



wenn die Methanolreformierungsanlage zur Bereitstel- 
lung der momentan benotigten Wasserstoffmenge fur 
die Brennstoffzellen im Vollastbereich bei deroptimalen 
Methanolreformierungstemperatur und damit im Refor- 
5 mierungsreaktionsbetrieb gefahren werden muG. 
[0022] Die obige Beschreibung eines vorteilhaften 
Verfahrensbeispiels zeigt, da(3 sich mit dem erfindungs- 
gemaBen Verfahren eine Methanolreformierungsanla- 
ge uber langere Betriebsdauern hinweg mit im wesent- 
10 lichen gleichbleibend hoher Katalysatoraktivitat und da- 
mit Reformierungsumsatzleistung betreiben laBt, auch 
wenn die Anlage dabei haufig im Vollastbereich gefah- 
ren wird. Ein haufigerer Austausch des Katalysatorma- 
terials im Reaktor ist durch die aktivrtatsregenerieren- 
den Behandlungen des Methanolreformierungskataly- 
sators wahrend der Katalysatorreaktivierungsphasen 
nicht erforderlich, wobei diese Reaktivierungsphasen 
im Fall des Einsatzes der Anlage in einem Kraftfahrzeug 
ohne Storungdes laufenden Fahrbetriebs des Fahrzeu- 
ges durchgefuhrt werden konnen. Dies erfullt die Mobi- 
litats- und Serviceerwartungen, an die Kraftfahrzeug- 
nutzer herkommlicherweise gewohnt sind, was diesbe- 
zugliche Akzeptanzprobieme vermeidet. 



Patentanspruche 

1. Verfahren zum Betrieb einer Methanolreformie- 
rungsanlage, bei dem 

im Reformierungsreaktionsbetrieb Methanol in 
einem Methanolreformierungsreaktor unter 
Verwendung eines Methanolreformierungska- 
talysators reformiert wird, und 
der Reformierungsreaktionsbetrieb periodisch 
fur Katalysatorreaktivierungsphasen unterbro- 
chen wird, wahrend denen der im Reformie- 
rungsreaktionsbetrieb in seiner katalytischen 
Akti vitat nach lassende Methan olref orm ie- 
rungskatalysator aktivitatsregenerierend be- 
handelt wird. 

dadurch gekennzeichnet, daft 

die Katalysatorreaktivierungsphasen einen Re- 
aktorbetrieb bei gegenuber dem Reformie- 
rungsreaktionsbetrieb reduzierter Belastung 
und/oder hohererTemperatur beinhalten. 

2. Verfahren nach Anspruch 1, weiter 
dadurch gekennzeichnet, daG 

wahrend der Katalysatorreaktivierungsphasen mit 
reduzierter Belastung und/oder hoherer Tempera- 
tur eine dem Reaktor nachgeschaltete, den Kohlen- 
monoxidanteil im Reformatgas verringernde Gas- 
reinigungsstufe mit einer erhohten Leistung hin- 
sichtlich des Kohlenmonoxidanteils im Reformat- 
gas betrieben wird. 
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vierungsphasen unterbrochen, wahrend denen der im 
Reformierungsreaktionsbetrieb in seiner katalytischen 
Aktivitat nachlassende Methanol reformierungskataly- 
sator aktivitatsregenerierend behandelt wird. Durch die 
Zwischenschaltung solcher Reaktivierungsphasen la&t s 
sich die ursprungliche Aktivitat des Katalysators wenig- 
stens teilweise wiederherstellen, was insgesamt lange- 
re Betriebsdauern der Anlage ohne merklich nachlas- 
sende Reformierungsumsatzleistung und ohne die Not- 
wendigkeit eines Katalysatoraustauschs ermoglicht. io 
Die Reaktivierungsphasen konnen bei Einsatz der An- 
lage in Kraftfahrzeugen in den normalen Fahrbetrieb in- 
tegriert werden. 

[0014] Die Katalysatorreaktivierungsphasen beinhal- 
ten einen Reformierungsreaktionsbetrieb bei gegen- is 
Oberdem sonstigen Reformierungsreaktionsbetrieb re- 
duzierter Belastung und/oder hoherer Temperatur. Als 
weitergehende MaBnahme wird bei einem nach An- 
spruch 2 ausgestafteten Verfahren eine dem Reaktor 
nachgeschaftete Gasreinigungsstufe wahrend dieser 20 
Katalysatorreaktivierungsphanse mit einer gegenuber 
den Phasen des normalen Reformierungsreaktionsbe- 
triebs erhohten Leistung hinsichtlich CO-Umwandlung 
bzw. DO-Abtrennung betrieben. Dadurch laGt sich ein 
wahrend der Reaktivierungsphasen gegebenenfalls er- 2s 
hohter CO-Anteil im Reformatgasstrom kompensieren, 
so daB an der Austrittsseite der Gasreinigungsstufe 
wahrend der Reaktivierungsphasen kein hoherer CO- 
Anteil auftritt als im normalen Reformierungsreaktions- 
betrieb. 30 
[0015] Ein nach Anspruch 3 weitergebildetes Verfah- 
ren eignet sich fur in Kraftfahrzeugen angeordnete Me- 
thanolreformierungsanlagen. Die Katalysatorreaktivie- 
rungsphase werden bei diesem Verfahren auf Fahrer- 
anforderung oder selbstatig durch sich ereignende 35 
Fahrzeugstillstandsphasen ausgeldst Diese stellt eine 
Moglichkeit dar, die Katalysatorreaktivierungsphasen in 
den normalen Fahrbetrieb zu integrieren, ohne daB ei- 
gens fur diesen Zweck der Fahrbetrieb des Fahrzeugs 
unterbrochen werden muB. 40 
[001 6] Als Ausfflhrungsbeispiel sei stellvertretend fur 
zahlreiche weitere mogliche Realisierungen der Erfin- 
dung eine in einem brennstoffzellenbetriebenen Kraft- 
fahrzeug angeordnete Methanolreformierungsanlage 
erwahnt, mit welcher der fur die Brennstoffzellen beno- 45 
tigte Waserstoff mittels Wasserdampfrefomierung von 
flussig mitgefuhrtem Methanol erzeugt wird. Im Refor- 
mierungsreaktionsraum des zugehorigen Reformie- 
rungsreaktors befindet sich ein geeigneter Methanolre- 
formierungskatalysator, z.B. ein Cu/ZnO/AI 2 0 3 -Kataly- so 
satormaterial in Form einer Pelletschuttung. An den Re- 
aktor schlieBt sich eine Gasreinigungsstufe in Form ei- 
ner CO-Umwandlungsstufe an, speziell eine CO-Oxida- 
tionsstufe, mit welcher der CO-Anteil in dem wasser- 
stoffreichen, aus dem Reaktor austretenden Reformat- ss 
gas auf einen fur die anschlieBende Verwendung in den 
Brennstoffzellen ausreichend niedrigen Wert, z.B. klei- 
ner als ungefahr 50ppm, verringert wird. Alternativ ist 



auch eine CO-Abtrennungsstufe als Gasreinigungsstu- 
fe einsetzbar. Derartige Methanolreformierungsanlagen 
sind in verschiedenen Typen bekannt und bedurfen da- 
her hier keiner weiteren Erlauterung und zeichnerischen 
Darstellung. 

[0017] Im normalen Reformierungsreaktionsbetrieb 
erzeugt die Anlage die gewunschte Menge an wasser- 
stoffreichem Reformatgas mit ausreichend geringem 
CO-Gehalt. Dabei wird die Anlage im Reformierungsre- 
aktionsbetrieb uberwiegend bei maximaler Belastung 
gefahren, da sie aus Platz- und Gewichtsersparnisgrun- 
den bei gegebenem Leistungsbedarf moglichst kom- 
pakt gebaut ist. Gerade auch aufgrund dieser Betriebs- 
art mit maximaler oder annahernd maximaler Bela- 
stung, d.h. unterVoIlast, tritt mitzunehmender Betriebs- 
dauer eine Abnahme der spezifischen katalytischen Ak- 
tivitat des Methanol reformie rungs katalysators auf. Um 
dennoch eine vergleichsweise lange Betriebsdauer der 
Anlage mit hoher Umsatzleistung ohne Austausch des 
Katalysators zu gewahrleisten, wird der Reformierungs- 
reaktiionsbetrieb periodisch fur Katalysatorreaktivie- 
rungsphasen unterbrochen, wahrend denen der Metha- 
nolreformierungskatalysator aktivitatsregenerierend 
behandelt wird, um dadurch seine anfangliche Aktivitat 
wenigstens teilweise wiederherzustellen. Fur diese ak- 
tivitatsregenerierende Behandlung sind verschiedene 
Vorgehensweisen moglich. 

[0018] Eine erste Methode besteht darin, die Refor- 
mierungsanlage wahrend der Katalysatorreaktivie- 
rungsphasen mit einer gegenuber derjenigen des Re- 
formierungsreaktionsbetrieb geringeren Belastung zu 
fahren, d.h. im Teillastbereich statt im Vollastbereich. 
Typischerweise betragt die fur die Reaktivierungspha- 
sen gewahlte Belastung zwischen 0% und etwa 50% 
der maximal moglichen Belastung. Je geringer die Be- 
lastung in den Katalysator reaktivierungsphasen einge- 
stellt wird, umso grower ist bei sonst gleichen Bedingun- 
gen der aktivitatsregenerierende Effekt. Vorzugsweise 
wird zusatzlich zur Verringerung der Belastung fur die 
Durchfuhrung der Katalysatorreaktivierungsphasen die 
Temperatur im Reaktor und damit des Katalysatormate- 
rials erhoht. Typischerweise wird dabei die Temperatur 
um ca. 10°C bis 50°C gegenuber der Temperatur wah- 
rend des Reformierungsreaktionsbetriebs gesteigert, 
die ublicherweise im Bereich von 200°C und daruber 
liegt. Je grower die Temperaturerhohung bei sonst glei- 
chen Bedingungen fur die Katalysator reaktivierungs- 
phasen gewahlt wird, umso grdGer ist der aktivitatsre- 
generierende Effekt. Je nach Anwendungsfall kommt 
anstelle dieser kombinierten Belastungsverringerung 
und Temperaturerhohung fur den Ubergang vom Refor- 
mierungsreaktionsbetrieb zur Katalysatorreaktivie- 
rungsphase auch in Betracht, lediglich die Temperatur 
zu erhdhen. 

[001 9] Als begleitende MaBnahme wird wahrend der 
Katalysatorreaktivierungsphasen die Gasreinigungs- 
stufe vorzugsweise mit einer hoheren Leistungsfahig- 
keit hinsichtlich der CO-Umwandlung bzw. CO-Abtren- 
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Beschreibung 

[0001] Die Erfindung bezieht sich auf ein Verfahren 
zum Betrieb einer Methanol reform ierungsanlage nach 
dem Oberbegriff des Anspruchs 1 . 
[0002] Verfahren zur katalytischen Methanolreformie- 
rung sind bekannt und dienen beispielsweise zur Erzeu- 
gung von Wasserstoff fur die Brennstoffzellen eines 
brennstoffzellenbetriebenen Kraftfahrzeuges mittels 
Wasserdampfreformierung von flussig mitgefuhrtem 
Methanol. Als Katalysatormaterial eignet sich beispiels- 
weise ein katalytisch aktives Cu/ZnO-Materiai auf ei- 
nem Aluminiumoxidtrager. Weitere verwendbare Kata- 
lysatorzusammensetzungen sind zum Beispiel in den 
Offenlegungsschriften DE 35 31 757 A1 und EP 0 201 
070 A1 beschrieben. Meist wird das Katalysatormaterial 
in Form einer Pelletschuttung in den Reformierungsre- 
aktionsraum des betreffenden Methanolreformierungs- 
reaktors eingebracht. 

[0003] Es ist eine bekannte Tatsache gangiger Me- 
thanolreformierungskatalysatoren, daB sie wahrend 
des Reformierungsreaktionsbetriebes eine Abnahme 
ihrer spezifischen Aktivitat zeigen. Dies gilt besonders 
beim Betrieb mit hoher Belastung, wie er in mobilen An- 
wendungen wunschenswert ist. Fur dieses Einsatzge- 
biet wird aus Platz- und Gewichtsgrunden ein beson- 
ders kompakter Aufbau des Reaktors angestrebt, der 
dann zur Erzielung der geforderten Umsatzleistung mit 
entsprechend hoher Belastung betrieben wird. 
[0004] Ein ofterer Austausch des Katalysatormateri- 
als ist unter Berucksichtigung der fur Kraftfahrzeugnut- 
zer gewohnten Mobilitats- und Serviceerwartungen nur 
schwerlich akzeptabel. 

[0005] Es sind bereits unterschiedliche Verfahren zur 
Aufrechterhaltung einer hohen katalytischen Aktivitat 
bzw. zur Erzielung einer hohen Lebensdauer des Me- 
thanol reformie run gskatalysators vorgeschlagen wor- 
den. So wird in der Offenlegungsschrift JP 4-141 234 (A) 
zur Gewinnung eines Katalysators mit langer Lebens- 
dauer sowie hoher Aktivitat und Selektivitat eine spezi- 
elle Rezeptur verschiedener Metalloxide angegeben. 
[0006] In der Offenlegungsschrift JP 63-310703 (A) 
wird das Katalysatormaterial im Reform ierungsreakti- 
onsraum eines Methanolreformierungsreaktors vor Be- 
ginn des Reformierungsreaktionsbetriebes einer Re- 
duktionsreaktion unterzogen, die zu einer Volumenab- 
nahme des Katalysators fuhrt Eine druckfederbelaste- 
te, bewegliche Deckplatte halt das als Pelletschuttung 
in den Reaktionsraum eingebrachte Katalysatormateri- 
al als dichte Packung zusammengedruckt. Die Reduk- 
tionsreaktion ist ein fur den Betrieb eines Cu-Katalysa- 
tors notwendiger Vorgang. Der dabei auftretende Volu- 
menschwund ist deutlich geringer als der Volumen- 
schwund, der wahrend des normalen Reformierungsbe- 
triebs auftritt. 

[0007] In der Offenlegungsschrift JP 63-315501 (A) 
wird das Einbringen einer Luftkammer zwischen einen 
Brenner und einen Reformierungsreaktionsraum vorge- 



schlagen, uber die in kontrollierter Weise Luft zufuhrbar 
ist, urn die Katalysatortemperaturauf einem vorgegebe- 
nen Wert zu halten. 

[0008] Bei einem in der Offenlegungsschrift DE 33 1 4 
5 1 31 A1 offenbarten Verfahren wird zur Verlangerung der 
Lebensdauer des Methanolreformierungskatalysators 
das Methanol von darin ggf. enthaltenen Chlorverbin- 
dungen befreit, bevor es mit dem Katalysator in Kontakt 
gebracht wird. 

w [0009] Ein Verfahren der eingangs genannten Art ist 
in der Auslegeschrift DE 1 246 688 angegeben. GemaB 
diesem Verfahren wird der Refonmierungsreaktionsbe- 
trieb periodisch fur Katalysatorreaktivierungsphasen 
zwecks aktivitatsregenerierender Behandlung des Ka- 

'5 talysators unterbrochen, wobei die aktivitatsregenerie- 
rende Behandlung darin besteht, den Katalysator einem 
sauerstoffhaltigen Gasstrom, z.B. Luft, bei einer erhoten 
Temperatur von vorzugsweise 150°C bis 450°C auszu- 
setzen. Nach dieser Katalysatorregenerierung kann bei 

20 Bedarf vorgesehen sein, den Katalysator einem was- 
serstoff halt igen Gas bei erhohter Temperatur auszuset- 
zen, urn ihn zu reaktivieren, bevor wieder mit der Refor- 
migungsreaktion begonnen wird. Eine aktivitatsregene- 
rierende Behandlung eines Methanolreformierungska- 

2S talysators dadurch, daB dieser einem sauerstoffhaltigen 
Gasstrom mit einer molekularen Sauerstoffkonzentrati- 
on von hochstens 5 Molprozent, in einem Vergleichsbei- 
spiel auch einem retnen Stickstoff-lnertgasstrom ausge- 
setzt wird, ist in der Offenlegungsschrift JP 4-200640 

50 (A) bzw. der korrespondierenden Patentschrift US 
5.075.268 offenbart. 

[001 0] Aus der Offenlegungsschrift DE 33 1 4 1 31 A1 
ist es bekannt, uber die Lebensdauer eines Methanol- 
reformierungskatalysators hinwegdie Reaktionstempe- 

35 ratur sukzessive zu erhdhen, urn damit die nachlassen- 
de Katalysatoraktivitat zu kompensieren. 
[0011] In der Offenlegungsschrift JP 3-247501 (A) ist 
ein Verfahren zum Betrieb eines Methanolreformie- 
rungsreaktors beschrieben, das beim Abschalten des 

40 Reformierungsreaktors ein Spulen des Reformierungs- 
katalysatorbettes mit reformiertem Gas unter hohem 
Druck beinhaltet. Damit soli eine Schwachung der Wir- 
kung des Katalysators durch auf dem Katalysatorbett 
kondensierendes Methanol verhindert werden, wobei 

4$ als herkommliche Alternative zu diesem Vorgehen das 
Spulen mit Stickstoffgas erwahnt wird. 
[0012] Der Erfindung liegt als technisches Problem 
die Bereitstellung eines Verfahrens der eingangs ge- 
nannten Art zugrunde, durch das sich eine Methanolre- 

50 formierungsanlage mit vergleichsweise geringem Auf- 
wand uber langere Betriebsdauern hinweg mit ntcht 
merkltch abfallender Reformierungsumsatzleistung be- 
treiben laBt. 

[0013] Die Erfindung lost dieses Problem durch die 
55 Bereitstellung eines Verfahrens zum Betrieb einer Me- 
thanolreformierungsanlage mit den Merkmalen des An- 
spruchs 1 . Bei diesem Verfahren wird der Reformie- 
rungsreaktionsbetrieb periodisch fur Katalysator reakti- 
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